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ABSTRACT
Q u i t e  a p a r t  f r o m  i t s  e f f e c t  on t h e  t r a n s f e r  a r e a ,  
a  k n o w l e d g e  o f  f r o t h i n g  i n  d i s t i l l a t i o n  i s  o f  i m p o r t a n c e  . 
i n  d e c i d i n g  d e s i g n  f e a t u r e s  s u c h  a s  t r a y  s p a c i n g  and  down­
co m er  s i z e .
A two t r a y  s i e v e  p l a t e  c o l u m n  was t h e r e f o r e  b u i l t  t o  
w o rk  w i t h  t h e  s y s t e m s  a i r / w a t e r ,  a i r / g l y c e r i n e - w a t e r  and  
a i r / g l y c e r i n e - w a t e r - s o d i u m  l a u r y l  s u l p h a t e .  The  dow ncom ers  
w e re  e x t e r n a l  t o  t h e  c o lu m n  and  t r a n s p a r e n t  s o  t h a t  v i s u a l  
o b s e r v a t i o n s  c a n  b e  m ade .
The downcomer f l o w  p a t t e r n s  and  t h e  e f f e c t  o f  a i r  
r a t e ,  l i q u i d  r a t e ,  s u r f a c e  t e n s i o n ,  an d  dow ncom er  s i z e  on  
t h e  f r o t h i n g  an d  a e r a t i o n  i n  t h e  downcom er  and  011 t h e  p l a t e  
h a v e  b e e n  i n v e s t i g a t e d .  I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  
p r e s e n t  m e t h o d s  o f  downcomer d e s i g n  a r e  i n a d e q u a t e ,  an d  
t h e  c l a s s i c a l  c o n c e p t  o f  f l o o d i n g  v i z .  u i f  t h e  f r o t h  i n  
t h e  dow ncom er  r e a c h e s  t h e  t o p  o f  t h e  w e i r  t h e  c o lu m n  w o u ld  
f l o o d , ’1 i s  n o t  t r u e .  New c r i t e r i a  f o r  f l o o d i n g  a n d  down­
c o m e r  d e s i g n  h a v e  b e e n  s u g g e s t e d .
1. I n t r o d u c t i o n .
P l a t e  c o l u m n s  i n  w h ic h  g a s e s  a r e  b u b b l e d  t h r o u g h  l i q u i d s  
a r e  w i d e l y  u s e d  i n  c h e m i c a l  i n d u s t r y ,  p a r t i c u l a r l y  i n  d i s ­
t i l l a t i o n .  The c a p a c i t y  o f  a  f r a c t i o n a t i n g  c o l u m n  may be  
l i m i t e d  b y  t h e  maximum q u a n t i t y  o f  l i q u i d  t h a t  c a n  be  p a s s e d  
downward o r  by  t h e  maximum q u a n t i t y  o f  v a p o u r  t h a t  c a n  be 
p a s s e d  u p w a r d ,  p e r  u n i t  t i m e ,  w i t h o u t  u p s e t t i n g  t h e  n o r m a l  
f u n c t i o n i n g  o f  t h e  co lumn* T h e s e  maximum q u a n t i t i e s  o f  l i q u i d  
a n d  v a p o u r  a r e  i n t e r - d e p e n d e n t .  The c o lu m n  i s  s a i d  t o  
’ f l o o d ’ when t h e  l i q u i d  c a n  n o t  f l o w  down t h e  co lu m n  c o u n t e r -  
c u r r e n t  t o  t h e  u p w a rd  f l o w  o f  v a p o u r .
F l o o d i n g  i n  a  p e r f o r a t e d  p l a t e  o r  b u b b l e  c ap  p l a t e  
c a n  r e s u l t  f r o m  s e v e r a l  c a u s e s  ( M c A l l i s t e r  e t  a l . " ^ ) ,
( 1 ) The l i q u i d  i n  t h e  dow ncom er  r e a c h i n g  t h e  t o p  o f  
t h e  w e i r .
( 2 )  E x p a n s i o n  o f  t h e  f r o t h  i n t o  t h e  t r a y  a b o v e .
( 3 )  S p l a s h i n g  o f  t h e  l i q u i d  i n t o  t h e  t r a y  a b o v e  due
t o  o s c i l l a t i o n s .
( i t )  C a r r y  o v e r  o f  t h e  l i q u i d  on  t h e  t r a y  a s  e n t r a i b m e n t .
( b )  P e r h a p s  o t h e r  p o s s i b i l i t i e s .
The  d e s i g n  and o p e r a t i o n  o f  d i s t i l l a t i o n  c o lu m n s  i s  
c o m p l i c a t e d  a n d  made u n c e r t a i n  due  t o  i ^ o s s i b l e  i n c i d e n c e  
o f  f r o t h i n g .  T h e r e  i s  e v i d e n c e  t h a t  a l t h o u g h  p u r e  c o m p o n e n t s
-  1 -
d o  n o t  p r o d u c e  f r o t h ,  m i x t u r e s  o f  l i q u i d s  o f  w i d e l y  d i f ­
f e r e n t  s u r f a c e  t e n s i o n  f r o t h  r e a d i l y .
T h e r e  i s  a n  e x t e n s i v e  l i t e r a t u r e  on  t h e  f o r m a t i o n ,  
an d  t h e  f a c t o r s  a f f e c t i n g  t h e  s t a b i l i t y  o f  r e l a t i v e l y  
l o n g - l i v e d  fo a m s  ( B i k e r m a n  ^ 5 ) .  H o w e v e r ,  v e r y  l i t t l e  
w ork  h a s  b e e n  p u b l i s h e d  on  t h e  f o r m a t i o n  o f  s h o r t  l i f e  f r o t h s  
s u c h  a s  a r e  f o r m e d  when a  g a s  o r  v a p o u r  i s  b u b b l i n g  t h r o u g h  
a l i q u i d .  The l i f e  o f  a n  i n d i v i d u a l  b u b b l e  on  a  s i e v e  o r  
a  b u b b l e - c a p  p l a t e  i s  v e r y  s h o r t ,  b e i n g  o n l y  o f  t h e  o r d e r  
o f  0 . 2  s e c o n d s .  The p e r i o d  d u r i n g  w h i c h  t h i s  b u b b l e  i s  
b e i n g  f o r m e d  i s  e v e n  l e s s ,  b e i n g  o f  t h e  o r d e r  o f  0 .0 5  
s e c  ond s .
19Z u i d e r w e g  and  H a rm e n  h a v e  d e m o n s t r a t e d  t h e  c o n ­
s i d e r a b l e  i n f l u e n c e  o f  g a s / l i q u i d  m a ss  t r a n s f e r  on t h e
p)j
f r o t h i n g  t e n d e n c i e s  o f  l i q u i d s .  Mr. A n d re w s  H h a s  
s u g g e s t e d  t h a t  i n  t h e  a b s e n c e  o f  m a ss  t r a n s f e r ,  t h e  d y n a m ic  
r i s e  i n  s u r f a c e  t e n s i o n  o f  a  tw o  co m p o n en t  l i q u i d  i s  t h e  
p r i n c i p a l  f o r c e  s t a b i l i s i n g  t h e  f r o t h .
Q u i t e  a p a r t  f r o m  i t s  e f f e c t  on  t r a n s f e r  a r e a  and  h e n c e  
t h e  e f f i c i e n c y ,  t h e  k n o w l e d g e  o f  f r o t h i n g  i s  o f  i m p o r t a n c e  
i n  d e c i d i n g  d e s i g n  f e a t u r e s  s u c h  a s  t r a y  s p a c i n g  an d  down­
co m er  s i z e .  F r o t h i n g  o c c u r r i n g  i n  a b s e n c e  o f  a d e q u a t e  
t r a y  s p a c i n g  o r  downcomer  s i z e ,  w ou ld  ’ f l o o d ’ t h e  c o lu m n .
P r e s e n t  m e t h o d s  o f  downcom er  d e s i g n  a r e  e s s e n t i a l l y  
e m p i r i c a l ,  a s  t h e  e x t e n t  o f  f r o t h i n g  i n  t h e  dow ncom er
-  2 -
c a n n o t  be  a n t i c i p a t e d ,  i t  i s  u s u a l l y  a l l o w e d  f o r  i n  t h e  
d e s i g n  by  t h e  i n c l u s i o n  o f  a l a r g e  f a c t o r  o f  s a f e t y .  As 
y e t  t h e r e  i s  no s a t i s f a c t o r y  m e th o d  o f  p r e d i c t i n g  t h e  
d e p t h  o f  f r o t h  i n  a  d ow ncom er .
The c o l u m n  may f l o o d  d u e  t o  ’ o s c i l l a t i o n s 1 o f  t h e  
l i q u i d - v a p o u r  m a ss  on  t h e  p l a t e .  At c e r t a i n  v e l o c i t i e s  
o f  f l o w  o f  l i q u i d  and  v a p o u r  i n  a b u b b l e - c a p  o r  s i e v e  
p l a t e ,  t h e  f r o t h  and  l i q u i d  m a s s  on  t h e  t r a y  w i l l  o s c i l l a t e  
i n  a d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  f l o w  o f  t h e  l i q u i d :  
t h a t  i s ,  i f  t h e  n e t  f l o w  o f  t h e  l i q u i d  i s  f r o m  r i g h t  t o  
l e f t ,  t h e  o s c i l l a t i o n s  would  be  e s t a b l i s h e d  f r o m  f r o n t  
t o  b a c k .  T h i s  s p l a s h i n g  o f  l i q u i d  f r o m  f r o n t  t o  b a c k  c a n  
becom e so  v i o l e n t  t h a t  l i q u i d  f r o m  one t r a y  c a n  b e  t h r o w n  
up  i n t o  t h e  t r a y  a b o v e .  T h i s  w ou ld  r e s u l t  i n  p a r t i a l  
f l o o d i n g .
As y e t  i t  h a s  not  been  p o s s i b l e  t o  p r e d i c t  the- con­
d i t i o n s  which i n i t i a t e  th e  o s c i l l a t i o n s .  Presum ably  th e  
t r a y  d i m e n s i o n s ,  t h e  r e l a t i v e  vapour and l i q u i d  v e l o c i t i e s  
( o r  F f a c t o r s ) ,  and p o s s i b l y  some o f  the p h y s i c a l  p r o p e r t i e s  
o f  the  f l u i d s ,  would be among th e  v a r i a b l e s  e x p e c ted  t o  
d ete r m in e  when the  p u l s a t i o n  would b e g i n .
Th u s  t o  d e t e r m i n e  t h e  o p e r a t i n g  r a n g e  o f  a b u b b l e - c a p  
o r  s i e v e  p l a t e  d i s t i l l a t i o n  c o lu m n ,  q u a n t i t a t i v e  p r e d i c t i o n  
o f  f r o t h i n g  on  t h e  p l a t e  and  i n  t h e  dow n co m er ,  and
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p r e d i c t i o n s  o f  t h e  c o n d i t i o n s  u n d e r  w h i c h  o s c i l l a t i o n s  
would  he  i n i t i a t e d  a r e  n e c e s s a r y .  I n  t h e  p r e s e n t  w o rk  a n  
a t t e m p t  h a s  b e e n  wade t o  e x p l o r e  dow ncom er  f l o w  p a t t e r n s ,  
f r o t h i n g  and  a e r a t i o n  i n  a  d o w n co m er ,  and  o s c i l l a t i o n s  o n  
t h e  p l a t e  a s  a f u n c t i o n  o f  v a p o u r  and  l i q u i d  r a t e s  and  t h e  
p h y s i c a l  p r o p e r t i e s  o f  t h e  s y s t e m .  No a t t e m p t  h a s  b e e n  
made t o  i n v e s t i g a t e  t h e  mechanism o f  f r o t h  f o r m a t i o n  and  
f a c t o r s  a f f e c t i n g  t h e  s t a b i l i t y  o f  f r o t h  a s  i t  i s  t o o  
c o m p r e h e n s i v e  f o r  a n  i s o l a t e d  r e s e a r c h  i n v e s t i g a t i o n .
2. L i t e r a t u r e  S u r v e y  
L i t e r a t u r e  S u r v e y  w i l l  b e  d i v i d e d  i n t o  two  s e c t i o n s :
( a )  Downcomer ( b )  T r a y .
2 ( a )  D ow ncom er .
C i r c u l a r  p i p e s  u s e d  t o  be  a common f o r m  o f  d o w ncom er .  
H o w e v e r ,  t h i s  t y p e  o f  dow ncom er  p r o v i d e s  a v e r y  low  dow n-  
f l o w  a r e a ,  an d  r e l a t i v e l y  p o o r  v a p o u r  d i s e n g a g i n g  s p a c e .
The l i q u i d  h e a d  l o s s  t h r o u g h  t h e  d ow ncom er  i s  h i g h ,  and 
vai^om0 d i s e n g a g e m e n t  i s  p o o r .  T h e s e  f a c t o r s  c o n s t i t u t e  a 
b o t t l e  n e c k  i n  o b t a i n i n g  maximum c o lu m n  c a p a c i t y .  F o r  
t h e s e  r e a s o n s  c i r c u l a r  d o w n c o m ers  a r e  c o n s i d e r e d  i n e f f i c i e n t  
and  h a v e  b e e n  r e p l a c e d  e x t e n s i v e l y  by s e g m e n t a l  d o w n c o m e r s .
I n  s e g m e n t a l  d o w n co m ers  t h e  d o w n f lo w  b a f f l e  c o n s t i t u t e s  
t h e  i n t e r n a l  w a l l  o f  t h e  s e g m e n t a l  dow n co m er .  S o m e t im e s  
t h i s  b a f f l e  i s  i n c l i n e d  so  t h a t  t h e  b o t t o m  i s  c l o s e r  t o  
t h e  co lu m n  w a l l  t h a n  t h e  t o p ,  i n  o r d e r  t o  i n c r e a s e  t h e
1 p
b u b b l i n g  a r e a .  B o l l e s  and  Huang  & H o d s o n  , h a v e  r e c o m ­
mended a  v e r t i c a l  b a f f l e  b e c a u s e  o f  t h e  l o w e r  c o s t .  A l s o  
t h e  i n c l i n e d  b a f f l e  t e n d s  t o  r e s t r i c t  t h e  v a p o u r  d i s e n g a g i n g  
c a p a c i t y  a t  t h e  b o t t o m  and t h e  a d d i t i o n a l  b u b b l i n g  a r e a  
p r o v i d e d  i s  v e r y  s m a l l .  B o l l e s " ^  h a s  a l s o  recom m ended  t h a t  
t r a y  s u p p o r t  r i n g s  s h o u l d  n o t  b e  e x t e n d e d  t h r o u g h  t h e  
downcomer  i n  o r d e r  t o  e n s u r e  t h e  maximum d o w n f lo w  c a p a c i t y .
D i m e n s i o n s  o f  t h e  dow ncom er  a r e  b a s e d  on t h e  f o l l o w i n g  
f a c t o r s :
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( 1 )  T r a y  s p a c i n g  and  c l e a r  l i q u i d  h e i g h t  i n  t h e  
dow ncom er
( 2 ) R e s i d e n c e  t i m e  o f  t h e  l i q u i d  i n  t h e  dow ncom er  
a n d / o r  t h e  v e l o c i t y  o f  l i q u i d  i n  t h e  dow ncom er
( 3 )  l i q u i d  t h r o w  o v e r  t h e  w e i r .
T r a y  s p a c i n g .
B o l l e s 1 h a s  d i s c u s s e d  s e v e r a l  m e c h a n i c a l  f a c t o r s  s u c h  
a s  manways  w h ic h  may d e c i d e  t h e  t r a y  s p a c i n g .  H o w e v e r ,
f r o m  a h y d r a u l i c  p o i n t  o f  v i e w ,  t r a y s  s h o u l d  h e  s p a c e d
f a r  e n o u g h  a p a r t  t o  p r e v e n t  e x c e s s i v e  e n t r a i n m e n t  and 
f l o o d i n g .  I f  t r a y s  a r e  n o t  s u f f i c i e n t l y  f a r  a p a r t  f l o o d i n g  
c a n  o c c u r  i n  two w ays :
( 1 )  By f r o t h  h e i g h t  r e a c h i n g  t h e  p l a t e  a b o v e .
( 2 )  By l i q u i d  i n  t h e  dow ncom er  f i l l i n g  up t h e  down­
f l o w  up t o  t h e  t o p  o f  t h e  w e i r .
F i r s t  t y p e  o f  f l o o d i n g  h a s  b e e n  r e p o r t e d  i n  a n
A . I . C h . E .  r e p o r t ' 1' ^ .  When t h e  f r o t h  h e i g h t  b e c o m e s  e q u a l  
t o  t h e  t r a y  s p a c i n g ,  t h e  l i q u i d  c a r r y o v e r  t o  t h e  t r a y  
a b o v e  b e c o m e s  e x c e s s i v e ,  g a s  p r e s s u r e  d r o p  i n  t h e  r i s e r s  
i n c r e a s e s  a p p r e c i a b l y ,  l i q u i d  b a c k s  up  i n  t h e  d o w n p i p e s ,  
n o r m a l  l i q u i d  f l o w  down t h e  c o lu m n  c e a s e s  and  t h e  r e b o i l e r  
s y s t e m  b e c o m e s  d r y .
I n  t h e  s e c o n d  t y p e  o f  f l o o d i n g ,  when t h e  l i q u i d  i n  t h e  
dow ncom er  r e a c h e s  t h e  t o p  o f  t h e  w e i r ,  a n y  f u r t h e r  i n c r e a s e  
i n  t h e  l i q u i d  r a t e  o r  v a p o u r  r a t e  w i l l  i n c r e a s e  t h e  p r e s s u r e
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d r o p  t h r o u g h  t h e  p l a t e .  T h i s  w ou ld  c a u s e  t h e  l i q u i d  t o
h a c k  up  i n  t h e  d o w n c o m er ,  t h e r e b y  i n c r e a s i n g  t h e  l i q u i d
h e i g h t  on  t h e  p l a t e .  T h i s  i n c r e a s e s  t h e  p r e s s u r e  d r o p ,
an d  c a u s e s  more l i q u i d  t o  b ^ c k  up f r o m  one  t r y  t o  a n o t h e r ,
e v e n t u a l l y  e n t i r e l y  f i l l i n g  the: c o lu m n  w i t h  t h e  l i q u i d .
T h u s  t o  a v o i d  f l o o d i n g ,  l i q u i d  h e i g h t  i n  t h e  downcomer
s h o u l d  n o t  r e a c h  t h e  t o p  o f  t h e  w e i r .
2 ( a ) 2 L i q u i d  h e i g h t  i n  t h e  d o w n c o m e r .
The l i q u i d  h e i g h t  i n  t h e  dow ncom er  i n  t e r m s  o f
c l e a r  l i q u i d  c a n  be  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  e q u a t i o n :
h B = h i  + h-fc + h d ----- ( 2 . 1 )  (H uang  &
hq = c l e a r  l i q u i d  h e i g h t  on  t r a y  i n s .  H o d s o 11 )
= h v# + h ow ----- ( 2 . 2 )
hy/ = v / e i r  h e i g h t  i n s .
hor7= l i q u i d  h e i g h t  o v e r  w e i r  i n c h e s  l i q u i d .  F r a n c i s
f o r m u l a  h a s  b e e n  e x t e n s i v e l y  u s e d  t o  c a l c u l a t e
2 /  ow
"Q. _ " ^  ( 2 . 3 )  (Huang  & H o d s o n ^ )
2. 98 L w
Q = l i q u i d  f l o w  r a t e  g . p . m .
Lw = w e i r  l e n g t h  i n c h e s .
hq = t o t a l  p r e s s u r e  d r o p  t h r o u g h  t h e  l i q u i d  i n c h e s
h  a = l i q u i d  h e a d  l o s s  t h r o u g h  t h e  d ow ncom er .
2
 (2.1j) ( C i c a l e s e ^ )
A,-, i n  s q u a r e  f e e t  i s  e i t h e r  t h e  dow ncom er  a r e a  o r  t h e  
dow ncom er  c l e a r a n c e  a r e a ,  w h ic h  e v e r  i s  s m a l l e r .
The a b o v e  e q u a t i o n  p r o v i d e s  a m e th o d  o f  c a l c u l a t i n g
0 . 0 3 Co
100 A p _
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th e  h e i g h t  o f  l i q u i d  i n  t h e  downcomer. However,  i t  a p p l i e s  
o n ly  t o  the  h e i g h t  o f  " c l e a r  l i q u i d . ir A c t u a l l y  t h e  f l u i d  
i n  th e  downcomer i s  i n  an a e r a t e d  s t a t e ,  and i s  topped w ith  
f r o t h .  Because o f  t h i s  e n t r a i n e d  va p o u r ,  the  l e v e l  o f  
th e  f l u i d  i n  the  downcomer w i l l  he h i g h e r  than  t h a t  c a l c u ­
l a t e d  by t h e  above e q u a t i o n .
2 1 LiS e v e r a l  w r i t e r s  l i k e  Huang & Hod son  , B o l l e s  , JLirkbride , 
B a v i s ^ ,  Le ibson® ,  Hugmark & O’C o n n e l l ,  R ob inson  & G i l l i l a n d ® ,  
are o f  th e  o p i n i o n  t h a t  i f  the  a e r a t e d  l i q u i d  i n  the  down­
comer reached t h e  top o f  th e  o u t l e t  w e i r ,  th e  column would 
f l o o d .  Hence i t  i s  n e c e s s a r y  t o  make a l lo w a n c e  f o r  f r o t h  
and a e r a t i o n ,  ^.n e s t i m a t i o n  o f  th e  e x a c t  f r o t h  h e i g h t  i n  
th e  downcomer r e q u i r e s  a r e l i a b l e  v a lu e  o f  the  av era g e  den­
s i t y  o f  th e  f r o t h e d  l i q u i d .  S c h u l t ^  p r o p o s e s  a l a b o r a t o r y  
t e s t  t o  d e term in e  th e  d eg re e  o f  f r o t h i n g .  U n f o r t u n a t e l y  
t h e r e  i s  no p u b l i s h e d  d a ta  on th e  amount o f  f r o t h  t h a t  can  
be e x p e c t e d .  Hence t h e  d eg ree  o f  a e r a t i o n  cannot  be e s t i ­
mated a t  the  p r e s e n t  t im e .  Kirkbride^4 has  w r i t t e n  t h a t  
w ith  w e l l  d e s ig n e d  t r a y s ,  t h e  c a l c u l a t e d  l i q u i d  back-=up 
w i l l  r e a c h  60 t o  80^ o f  th e  t r a y  s p a c in g  b e f o r e  f l o o d i n g  
i s  e n c o u n t e r e d .  He therefore recommends t h a t  t r a y s  be d e s ig n e d  
f o r  maximum h e i g h t  o f  c l e a r  l i q u i d  t o  be 50^ o f  t r a y  s p a c i n g .  
S i m i l a r l y  B a v i s ^ ,  Le ibson® ,  R obinson  and G il l i land"^  have  
recommended t h a t  h e i g h t  o f  c l e a r  l i q u i d  be l i m i t e d  t o  50^ 
o f  the  t r a y  s p a c in g .
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B o l l e s ^ ,  Huang  & H o d s o n ^ ,  and  H u g h m ark  & G ’ Connel"^
Have a l s o  recom m ended  t h a t  t h e  maximum d e s i g n  l i m i t  o f  50/  
m u s t  h e  u s e d ,  h u t  t h a t  i t  s h o u l d  a p p l y  t o  t h e  t o t a l  down­
f l o w  c a p a c i t y  w h ic h  i s  e q u a l  t o  t r a y  s p a c i n g  p l u s  t h e  w e i r  
h e i g h t .  T h u s
h B i 4  ( B  +  h w)
s = t r a y  s p a c i n g  i n c h e s  
h w = w e i r  h e i g h t  i n c h e s .
T h i s  a s s u m e s  t h a t  a v e r a g e  a e r a t i o n  f a c t o r  o f  t h e  f r o t h e d  
l i q u i d  i n  t h e  dow ncom er  i s  0 .5 *  A e r a t i o n  f a c t o r  i s  d e f i n e d  
a s  t h e  r a t i o  o f  t h e  d e n s i t y  o f  t h e  a e r a t e d  l i q u i d  t o  t h a t  
o f  u n a e r a t e d  l i q u i d .
2 ( a ) 5 V e l o c i t y  o f  l i q u i d  i n  th e  downcomer.
The c r o s s - s e c t i o n a l  a r e a  o f  t h e  dow ncom er  c a n  h e  
c a l c u l a t e d  on t h e  b a s i s  o f  t h e  a l l o w a b l e  v e l o c i t y  o f  
l i q u i d  i n  t h e  d o w ncom er .
H ughm ark  & o ’C o n n e l ^  h a v e  recom m ended  t h a t  t h e  down­
co m er  s h o u l d  be so  s i z e d  t h a t  t h e  l i q u i d  v e l o c i t y  i s  a b o u t  
0 . 3  f t , / s e c .  f o r  n o n - f o a m i n g  l i q u i d s .  I f  t h e  l i q u i d  f o a m s  
( s u c h  a s  a b s o r b e r  o i l )  t h e n  t h e  l i q u i d  v e l o c i t y  may h a v e  
t o  b e  a s  lo w  a s  0 . 1  f t . / s e c .
L e i b s o n  e t  a l . ®  h a v e  recom m ended  t h a t  dow ncom er  i n l e t  
v e l o c i t y  b a s e d  o n  v a p o u r  f r e e  l i q u i d  s h o u l d  n o r m a l l y  n o t  
e x c e e d  0 .I4 f t . / s e c .  t o  e n s u r e  a d e q u a t e  a r e a  f o r  v a p o u r  
d i s e n g a g e m e n t .
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J i a U l   R e s i d e n c e  t i m e  i n  t h e  downcom er
I f  t h e  r e s i d e n c e  t i m e  o f  t h e  l i q u i d  i n  t h e  downcomer 
i s  s u f f i c i e n t l y  l o n g ,  m o s t  o f  t h e  e n t r a i n e d  v a p o u r  w i l l  
e s c a p e .  R e s i d e n c e  t i m e  i s  b a s e d  on  t h e  a v e r a g e  c r o s s -  
s e c t i o n a l  a r e a  t i m e s  t h e  t r a y  s p a c i n g .
Q
D a v i s  i n  h i s  s t u d y  o f  p r i m i n g  t o w e r s  f o u n d  t h a t  
maximum r e s i d e n c e  t i m e  o f  an y  o f  t h e  t o w e r s  p r i m i n g  was 
f o u r  s e c o n d s .  He t h e r e f o r e  reco m m en d ed  t h a t  a minimum
r e s i d e n c e  t i m e  o f  5 s e c o n d s  be m a i n t a i n e d .  B ase d  on
1 2 t h i s  B o l l e s  an d  H uang  & H o d s o n  h a v e  recom m ended  t h a t
min imum r e s i d e n c e  t i m e  o f  t h e  l i q u i d  i n  t h e  downcomer  be  
5 s e c o n d s .
S i n c e  t h e  t r a y  s p a c i n g  i s  c a l c u l a t e d  o n  t h e  b a s i s  o f  
a l l o w a b l e  c l e a r  l i q u i d  h e i g h t  i n  t h e  d o w n c o m er ,  t h e  c r o s s -  
s e c t i o n  a r e a  c a n  be  c a l c u l a t e d  on t h e  b a s i s  o f  min imum 
r e s i d e n c e  t i m e .
L i q u i d  t h r o w  o v e r  t h e  w e i r
Due t o  t h e  a p p r o a c h  v e l o c i t y  o f  t h e  l i q u i d ,  a t  h i g h  
l i q u i d  r a t e  t h e  l i q u i d  would o v e r  s h o o t  t h e  w e i r  an d  c a r r y  
p a s t  t h e  dam a  c o n s i d e r a b l e  d i s t a n c e .
I f  t h e  l i q u i d  t h r o w  o v e r  t h e  w e i r  r e a c h e d  t h e  t o w e r  
w a l l ,  t h e  d i s e n g a g i n g  v a p o u r  i n  t h e  downcomer  w i l l  n o t  
h a v e  a p a t h w a y  t o  t h e  t r a y  a b o v e .  B o l l e s  and  H uang  &
p
H o d s o n *  h a v e  t h e r e f o r e  r ecom m ended  t h e  f o l l o w i n g  l i m i t a t i o n .  
Wx < 0 .6  w d
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Wd = Downcomer w i d t h
Wp = L i q u i d  t h r o w  o v e r  t h e  w e i r
Prom t h e  l i t e r a t u r e  s u r v e y  on t h e  d e s i g n  o f  t h e  
do w ncom er ,  i t  "becomes o b v i o u s  t h a t  t h e  p r e s e n t  m e t h o d s  
a r e  e s s e n t i a l l y  e m p i r i c a l .  T h e r e  i s  a  g l a r i n g  g a p  
i n  t h e  b u b b l e - c a p  an d  s i e v e  t r a y  t e c h n o l o g y  w i t h  r e g a r d  
t o  t h e  q u a n t i t i v e  p r e d i c t i o n  o f  f r o t h i n g  i n  t h e  do w n co m er .  
I t  i s  c a t e r e d  f o r ,  i n  t h e  d e s i g n ,  b y  a l a r g e  f a c t o r  o f  
s a f e t y .
2 ( b )  T r a y .
2 ( b ) l  O s c i l l a t i o n  on t h e  T r a y .
A t  c e r t a i n  v e l o c i t i e s  o f  f low '  o f  l i q u i d  and  v a p o u r  
i n  a  b u b b l e - c a p  and  s i e v e  t r a y ,  i t  h a s  b e e n  n o t i c e d  t h a t  
t h e  f r o t h  and  l i q u i d  m a ss  on t h e  t r a y  o s c i l l a t e s  i n  a 
d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  f l o w  o f  t h e  l i q u i d ;  t h a t  
i s ,  i f  t h e  n e t  l i q u i d  f l o w  i s  f r o m  r i g h t  t o  l e f t ,  t h e  
o s c i l l a t i o n s  would  be  e s t a b l i s h e d  f r o m  f r o n t  t o  b a c k .
T h e s e  o s c i l l a t i o n s  w ere  shown by  P l a n k ^  t o  d e c r e a s e  
t h e  nu m b er  o f  w e l l  m ix e d  p o o l s  e x i s t i n g  on t h e  t r a y ,  
a  w e l l  m ixed  p l a t e  ( u n i t  w e l l  m ix e d  p o o l s )  i m p l i e s  b a c k  
m i x i n g  f r o m  t h e  l i q u i d  o u t l e t  t o  t h e  l i q u i d  i n l e t  s i d e s  
o f  t h e  t r a y .  S i n c e  o s c i l l a t i o n s  a r e  p e r p e n d i c u l a r  t o  
s u c h  a p a t h ,  t h e y  t e n d  t o  d e c r e a s e  b a c k  m i x i n g  a n d  t h i s  
r e s u l t s  i n  a c l o s e r  a p p r o a c h  t o  a n  u n m ix e d  p l a t e .  S u c h  
c o n d i t i o n s  i n c r e a s e  t h e  o v e r a l l  p l a t e  e f f i c i e n c y .
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O p e r a t i o n  o f  a d i s t i l l a t i o n  t o w e r  i n  t h e  p u l s a t i n g  
r e g i o n ,  h o w e v e r ,  p r e s e n t s  c e r t a i n  h y d r a u l i c  p r o b l e m s .
The s p l a s h i n g  o f  l i q u i d  f r o m  f r o n t  t o  b a c k  c a n  become so  
v i o l e n t  t h a t  l i q u i d  f r o m  one p l a t e  c a n  be t h r o w n  up i n t o  
t h e  t r a y  a b o v e .  T h i s  would  r e s u l t  i n  p a r t i a l  f l o o d i n g .
T h i s  c o u l d  h a p p e n  l o n g  b e f o r e  n o r m a l  f l o o d i n g  i s  e x p e c t e d .  
M c A l l i s t e r  e t  a l . 11  f o u n d  t h a t  s p l a s h i n g  was q u i t e  o f t e n  
v i g o r o u s  e n o u g h  t o  c a r r y  l i q u i d  up  i n t o  t h e  t r a y  a b o v e  
e v e n  t h o u g h  o n  a v e r a g e  f r o t h  h e i g h t  o f  ?  t o  3  t r a y  s p a c i n g  
was  o b s e r v e d .
M c A l l i s t e r  an d  P l a n k 11 f o u n d  t h a t  v a p o u r  v e l o c i t y  
a t  w h ic h  p u l s a t i o n s  b e g a n  was w e l l  d e f i n e d ,  and  f u r t h e r  
i n c r e a s e  i n  i t  o n l y  i n c r e a s e d  t h e  a m p l i t u d e  o f  t h e  wave. 
T h e y  f o u n d  t h a t  p u l s a t i o n s  o c c u r r e d  i n  c o n j u n c t i o n  w i t h  
a h i g h  F v f a c t o r  ( P v = 1 . 3 ) .  F y  = Uv x d ° * 5  w here  
Uv = s u p e r f i c i a l  l i n e a r  v a p o u r  v e l o c i t y  b a s e d  on a c t i v e  
t r a y  a r e a  f t . / s e c . / s q . f t .  p  = d e n s i t y  o f  t h e  v a p o u r .
F o s s  and G e r s t e r ^  f o u n d  t h a t  a t  low l i q u i d  h o l d  u p ,  
g a s  v e l o c i t i e s  o f  6 5 -7 0  f t . / s e c .  p r o d u c e d  o s c i l l a t i o n s  
on  a l l  t r a y s  e x c e p t  t h e  f r e e  a r e a  t r a y .  F r e e  a r e a  i s  
d e f i n e d  a s  a r a t i o  o f  t o t a l  h o l e  a r e a  t o  t h e  t o t a l  a r e a  o f  
t h e  t r a y .
P r i n c e 1^ h a s  r e p o r t e d  t h a t  m a r k e d  o s c i l l a t i o n s  
a p p e a r e d  on some p l a t e s  when t h e  g a s  h o l e  v e l o c i t i e s  e x c e e d  
t w i c e  t h e  g r a p h i c a l  weep p o i n t .  A t  t h e  weep p o i n t  l i q u i d  
c e a s e s  t o  weep i . e .  f a l l  t h r o u g h  t h e  p e r f o r a t i o n s ,  g a s
' -  12 ... .
f l o w s  t h r o u g h  a l l  t h e  h o l e s ,  an d  a  f u r t h e r  i n m ^ s e  i n  
g a s  r a t e  i n v o l v e s  h i g h e r  v e l o c i t i e s  t h r o u g h  t h e  h o l e s ,  
and  h e n c e  a n  i n c r e a s e  i n  p r e s s u r e  d r o p .  H e n ce  t h i s  weep 
p o i n t  c a n  he  d e t e r m i n e d  f r o m  t h e  p l o t  o f  g a s  v e l o c i t y  
a g a i n s t  p r e s s u r e  d r o p .  The weep p o i n t  so  d e t e r m i n e d  i s  
c a l l e d  g r a p h i c a l  vie eg  p o i n t .  F o r  t h e  a i r - w a t e r  s y s t e m ,  
P r i n c e ‘S  f o u n d  t h a t  t h e  v a l u e s  o f  g r a p h i c a l  weep p o i n t  
v a r i e d  f r o m  29 t o  32 f t . / s e c .  g a s  h o l e  v e l o c i t y .
I n  t h e  s t u d y  o f  p e r f o r a t e d  p l a t e  p e r f o r m a n c e ,  M c A l l i s t e r  
11e t  a l .  f o u n d  t h a t  t h e  o s c i l l a t i o n  p o i n t  was  c o i n c i d e n t a l  
w i t h  t h e  weep p o i n t  f o r  p l a t e  t h i c k n e s s  o f  l / l 6 ” and  
g r e a t e r .  F o r  t h i s  p l a t e s  0 . 0 2 9 ” t h i c k ,  t h e  o s c i l l a t i o n  
p o i n t  was a t  a  g a s  v e l o c i t y  much h i g h e r  t h a n  t h e  vie eg  
p o i n t .  The o s c i l l a t i o n  p o i n t  h e r e  r e f e r s  t o  t h e  minimum 
g a s  v e l o c i t y  a t  w h i c h  t h e  o s c i l l a t i o n s  a r e  s u s t a i n e d  f o r  
a g i v e n  l i q u i d  f l o w  r a t e .
M c A l l i s t e r  & P l a n k  h a v e  r e p o r t e d  t h a t  o s c i l l a t i o n s  
h a v e  n o t  b e e n  o b s e r v e d  a t  lo w  m a s s - v a p o u r  r a t e s  
(G = 700 l b s . / h r . / s q . f t . )  i n  e i t h e r  t h e  s i e v e  t r y  o r  t h e  
b u b b l e - c a p  t r a y ,  a l s o  t h e y  n o t e d  t h a t  o s c i l l a t i o n s  
o c c u r r e d  a t  l o w e r  m a ss  r a t e  i n  c a s e  o f  b u b b l e - c a p  t o w e r s  
t h a n  w i t h  s i e v e  t r a y ,  p o s s i b l y  b e c a u s e  o f  t h e  p a r t i c u l a r  
t r a y s  u s e d .
M c A l l i s t e r  e t  a l . 11 h a v e  g i v e n  a n  o s c i l l a t i n g  
p o i n t  c o r r e l a t i o n .  The m a ss  f l o w  r a t e  G l b s .  a i r / h r . / s q . f t .
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o f  c o l u m n  u r e a  a t  >.hich o s c i l l a t i o n  b e g i n  i s  shown t o  be  
a  l i n e a r  f u n c t i o n  o f  t h e  c l e a r  l i q u i d  h e i g h t .  The m a s s -  
f l o w  r a t e  o f  t h e  v a p o u r  a t  w h i c h  o s c i l l a t i o n s  b e g i n ,  d e ­
c r e a s e s  a s  t h e  c l e a r  l i q u i d  h e i g h t  o n  t h e  t r a y  i n c r e a s e s .
o s c i l l a t i o n s  t o  be r e g u l a r  and  r e p r o d u c i b l e ,  and  t o  
b e  a f u n c t i o n  o f  t h e  v a p o u r  and  l i q u i d  f l o w  r a t e s .
f  ,= f r e q u e n c y  o f  o s c i l l a t i o n  i n  c y c l e  s / s e c .
K = p r o p o r t i o n a l i t y  c o n s t a n t  = 2 . 5  -  0 . 2  
c = v e l o c i t y  o f  s o u n d  i n  t h e  f l u i d  f t . / s e c .
S-l = b u b b l e - c a p  s l o t  a r e a  o r  h o l e  a r e a  ( s i e v e  t r a y )  p e r  
p l a t e  s q .  f t .
1  ^= l e n g t h  o f  t h e  s y s t e m  ( a )  s i e v e  c o l u m n :  l e n g t h  o f  
t o w e r  p l u s  l e n g t h  o f  p i p e  p l u s  t w i c e  t h e  c i r c u m f e r e n c e  
o f  t h e  b l o w e r ;  ( b )  b u b b l e - c a p  c o lu m n :  l e n g t h  o f  r e b o i l e r  
t o  l i q u i d  l e v e l  p l u s  l e n g t h  o f  p i p i n g  ( c o n t a i n i n g  v a p o u r )  
p l u s  t o w e r  l e n g t h  p l u s  l e n g t h  o f  c o n d e n s o r .
Vj. = t o t a l  vo lum e  o f  d i s t i l l a t i o n  t o w e r  p l u s  v o lu m e  o f  
v a p o u r  p i p i n g  i n c l u d i n g  c o n d e n s o r  an d  r e b o i l e r  c u b i c  f e e t .
Fv = u T v .p - 5
Uv = l i n e a r  v a p o u r  v e l o c i t y  b a s e d  o n  t h e  a c t i v e  a r e a  
= d e n s i t y  o f  v a p o u r
S i 0 ' 5
Uj. = a v e r a g e  l i q u i d  v e l o c i t y  f t . / s e c .  ( b a s e d  o n  t h e
M c A l l i s t e r  and p l a n k 12 found the  f r e q u e n c y  o f
F r e q u e n c y  i s  g i v e n  b y  t h e  f o l l o w i n g  e q u a t i o n :
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c l e a r  l i q u i d  h e i g h t  on t h e  t r a y )
= d e n s i t y  o f  l i q u i d .
As y e t  i t  h a s  n o t  b e e n  p o s s i b l e  t o  p r e d i c t  u n d e r  
what  c o n d i t i o n s  t h e  o s c i l l a t i o n s  w ou ld  be  i n i t i a t e d .  
P r e s u m a b l e  t h e  t r a y  d i m e n s i o n s ,  t h e  r e l a t i v e  l i q u i d  and  
v a p o u r  F f a c t o r s  and  p o s s i b l y  some o f  t h e  p h y s i c a l  
p r o p e r t i e s  o f  t h e  f l u i d s  would  b e  among t h e  v a r i a b l e s  
e x p e c t e d  t o  d e t e r m i n e  when t h e  p u l s a t i o n s  w ould  b e g i n .
2 ( b ) 2 F r o t h  h e i g h t  on  t h e  t r a y
F r o t h i n g  o n  a p l a t e  i n c r e a s e s  t h e  i n t e r f a c t a l  
a r e a  a n d  h e n c e  t h e  e f f i c i e n c y ,  b u t  i t  c a n  c a u s e  h y d r a u l i c  
p r o b l e m s .  I f  t h e  f r o t h  h e i g h t  b e c o m e s  e q u a l  t o  t h e  t r a y  
s p a c i n g  t h e  co lu m n  w ould  f l o o d .
F o s s  and  G e r s t e r 1 ^ h a v e  shown t h a t  f r o t h  h e i g h t  i n ­
c r e a s e s  w i t h  i n c r e a s e  i n  t o t a l  g a s  r a t e  and  l i q u i d  h o l d  
u p .  T hey  f o u n d  t h a t  f r o t h  h e i g h t  a p p a r e n t l y  a p p r o a c h e d  
a maximum a t  h i g h  g a s  r a t e s .  T hey  f o u n d  a l s o  t h a t  t h e  
t o t a l  g a s  r a t e  r a t h e r  t h a n  t h e  h o l e  v e l o c i t y  t o  .be.' t h e  
f u n d a m e n t a l  o p e r a t i n g  v a r i a b l e .
The  A m e r i c a n  I n s t i t u t e  o f  C h e m i c a l  ^ e n g i n e e r s ’ r e p o r t 1 "^  
g i v e s  t h e  f o l l o w i n g  e q u a t i o n  f o r  t h e  c a l c u l a t i o n  o f  
f r o t h  h e i g h t .
= 0.  73w + 3• 2l|F + 0 . 0 8 I4L —-“—2 . 6
Zf  = f r o t h  h e i g h t  i n c h e s  
W = w e i r  h e i g h t  i n c h e s  = h w
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F = F f a c t o r  = U r ^ ’ ^
U = g a s  v e l o c i t y  c u . f t . / ( s e c . )  ( s q u a r e  f e e t  o f  t h e  t r a y  
b u b b l i n g  a r e a )
T r a y  b u b b l i n g  a r e a  = a r e a  b e t w e e n  t h e  i n l e t  d o w n p ip e  and 
o u t l e t  w e i r .
L = l i q u i d  r a t e  g a l . / ( M i n u t e ) ( F e e t  o f  a v e r a g e  c o lu m n  
w i d t h )
= Q / f t .  o f  a v e r a g e  c o lu m n  w i d t h .
F r o t h  h e i g h t  i s  t h e  h e i g h t  o f  t h e  t o t a l  f l u i d  m a ss  
011 t h e  a e r a t e d  t r a y .
I n  t h i s  r e p o r t  t h e  v a l u e s  o f  f r o t h  h e i g h t  f o r  A c e t o n e -  
B e n z e n e  d i s t i l l i n g  s y s t e m  a r e  r e p o r t e d  t o  b e  n e a r l y  t h e  
same a s  a i r - w a t e r  and  s t e a r n - w a t e r  s y s t e m s  exceq j t  a t  h i g h  
F f a c t o r s  w here  f r o t h  h e i g h t s  a r e  som ewhat  g r e a t e r  f o r  t h e  
o r g a n i c  s y s t e m s .  A l s o  c o lu m n  p r e s s u r e  was f o u n d  n o t  t o  
h a v e  a n y  e f f e c t  011 t h e  f r o t h  h e i g h t .
P r i n c e 1^ h a s  g i v e n  a c o r r e l a t i o n  f o r  a  f r o t h  h e i g h t .
I n  t h i s  c o r r e l a t i o n  Sl/G- i s  p l o t t e d  a g a i n s t  F g/(M./w-L)
F s = F f a c t o r  b a s e d  on t o t a l  c r o s s  s e c t i o n a l  a r e a  
L / g- = P a t i o  o f  l i q u i d  t o  g a s  f l o w  by  w e i g h t  
b = w e i r  h e i g h t  + h e i g h t  o f  l i q u i d  c r e s t  o v e r  w e i r
= + ^ow
M = f r o t h  h e i g h t  =
Wp = s p e c i f i c  g r a v i t y  o f  l i q u i d
Fox’ t h e  p u r p o s e  o f  d e s i g n  P r i n c e ^  h a s  s u g g e s t e d  t h a t
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a l l o w a b l e  f r o t h  h e i g h t  b e  two t h i r d s  o f  t h e  p l a t e  s p a c i n g .  
k  t r i a l  s u p e r f i c i a l  F f a c t o r  c a n  t h e n  be  c a l c u l a t e d  f r o m  
t h e  a b o v e  c o r r e l a t i o n .  A f t e r  m a k in g  a c o r r e c t i o n  f o r  
t h e  f r e e  a r e a ,  t o w e r  d i a m e t e r  c a n  t h e n  b e  c a l c u l a t e d .
The w o r k  o f  P r i n c e 1 4^ was l i m i t e d  t o  t h e  s t u d y  
o f  f l u i d  d y n a m i c s ,  an d  no  d i s t i l l a t i o n  s t u d i e s  w e re  m a d e .
Z u i d e r w e g  and  K a r m e n s 1 ^  h a v e  d e m o n s t r a t e d  t h e  
c o n s i d e r a b l e  i n f l u e n c e  o f  g a s / l i q u i d  m a ss  t r a n s f e r  on 
t h e  f r o t h i n g  t e n d e n c y .  They  h a v e  s u g g e s t e d  t h a t  d i f f e r e n c e  
i n  s u r f a c e  t e n s i o n  r e s u l t i n g  f r o m  d i f f e r e n c e  i n  com­
p o s i t i o n  o c c a s i o n e d  b y  t h e  t r a n s f e r  p r o c e s s  a r e  t h e  o r i g i n  
o f  t h i s  i n f l u e n c e .  I n  t h e  l i g h t  o f  t h i s ,  t h e  c o r r e l a t i o n  
o f  P r i n c e - ^ ,  a s  w e l l  a s  t h e  e q u a t i o n  g i v e n  by t h e  
A. 1;I. I .  Ch .E  r e p o r t ^ - 7  s u f f e r  f r o m  a c o n s i d e r a b l e  l i m i t a t i o n  
and  c a n  o n l y  be  t a k e n  a s  a  g u i d e .  More  d e t a i l e d  an d  c a r e f u l  
work  i s  n e e d e d  t o  make r e l i a b l e  p r e d i c t i o n  p o s s i b l e .
2 ( b ) 3 A e r a t i o n  Lind h e i g h t  o f  c l e a r  l i q u i d  on t r a y
H e i g h t  o f  c l e a r  l i q u i d  a t  t h e  o u t l e t  w e i r  c a n  be  
c a l c u l a t e d  b y  t h e  e q u a t i o n  ( 2 . 2 )
h  = h  + h
1 w ow
h -7 = w e i r  h e i g h t  i n c h e s  
h QW= c r e s t  o v e r  w e i r  
Bu t  s i n c e  t h e  g a s  i s  b u b b l i n g  t h r o u g h  t h e  l i q u i d ,  
t h e  l i q u i d  on t h e  t r a y  w i l l  be  i n  a n  a e r a t e d  s t a t e .  T h u s  
t h e  e f f e c t i v e  l i q u i d  h e a d  on t h e  p l a t e  i s  n o t  o n l y  a f f e c t e d
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b y  t h e  w e i r  h e i g h t  an d  c r e s t  o v e r  t h e  w e i r  b u t  a l s o  by
t h e  d e g r e e  o f  a e r a t i o n  o f  t h e  l i q u i d  on t h e  p l a t e .
20H u t c h i n s o n  an d  c o - w o r k e r s  h a v e  p o i n t e d  o u t  t h a t  
t h e  p e r f o r m a n c e  o f  b u b b l e - c a p  o r  s i e v e  t r a y  w i t h  
r e s p e c t  t o  e f f i c i e n c y ,  p r e s s u r e  d r o p ,  e n t r a i n m e n t  and  
l i q u i d  g r a d i e n t  i s  g o v e r n e d  t o  a  l a r g e  e x t e n t  b y  t h e  
e f f e c t i v e  dex^th o f  t h e  l i q u i d  a b o v e  t h e  p l a t e .
H u n t  e t  a l . ^  f o u n d  t h e  a e r a t i o n  o f  l i q u i d  t o  b e  f a i r l y  
i n d e p e n d e n t  o f  t h e  g a s  f l o w  r a t e  i n  t h e  s t a b l e  o p e r a t i n g  
r e g i o n .
F o s s  a n d  G e r s t e r ^  f o u n d  t h a t  e f f e c t i v e  l i q u i d  h e i g h t  
on  t h e  p l a t e  v a r i e d  f r o m  p o j . n t  t o  p o i n t .  The a v e r a g e  
v a l u e  d e c r e a s e d  r e g u l a r l y  a s  t h e  g a s  r a t e  was i n c r e a s e d ,  
and  o f  c o u r s e  i n c r e a s e d  a s  e i t h e r  l i q u i d  r a t e  o r  o u t l e t  
w e i r  h e i g h t  was i n c r e a s e d .  T hey  u s e d  t h e  h e i g h t  o f  c l e a r  
l i q u i d  i n  c o n j u n c t i o n  w i t h  t h e  fo a m  h e i g h t  t o  d e s c r i b e  
t h e  d e g r e e  o f  a e r a t i o n .  The r a t i o  o f  e f f e c t i v e  c l e a r  
l i q u i d  d e p t h  t o  f r o t h  h e i g h t  was d e f i n e d  a s  f r o t h  d e n s i t y .  
H o w e v e r ,  r e l i a b l e  e s t i m a t i o n  o f  f r o t h  d e n s i t y  i s  n o t  
p o s s i b l e  a t  p r e s e n t .
The A . I . C h . E  r e p o r t ‘d  g i v e s  t h e  f o l l o w i n g  
e q u a t i o n  f o r  t h e  c a l c u l a t i o n  o f  t h e  l i q u i d  h o l d  up  on 
t h e  t r a y .
Zc = 0 . 1 9 w  -  0 . 6 5 F  + 0 . 0 2 L  + I .6 5   ( 2 . 7 )
Zc = c l e a r  l i q u i d  h o l d  up  on t h e  t r a y  i n c h e s
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W = o u t l e t  w e i r  h e i g h t
F = F f a c t o r  b u s e d  on  t h e  t r a y  b u b b l i n g  a r e a  ( i . e .  a r e a  
b e t w e e n  d o w n p ip e  and  o u t l e t  w e i r ) .
L = l i q u i d  r a t e  g a l .  / ( K  i n . )  ( f e e t  o f  a v e r a g e  c o l u m n  w i d t h ) .
= ( ^ / f e e t  o f  a v e r a g e  co lu m n  w i d t h .
T h i s  e q u a t i o n  h a s  a s e r i o u s  l i m i t a t i o n  i n  t h e  f a c t  
t h a t  i t  d o e s  n o t  t a k e  i n t o  a c c o u n t  t h e  i n f l u e n c e  o f  d i f f e r e n t  
p h y s i c a l  p r o p e r t i e s  o f  t h e  s y s t e m s .  D ynam ic  s u r f a c e  
t e n s i o n  o f  l i q u i d  i s  l i k e l y  t o  h a v e  c o n s i d e r a b l e  i n f l u e n c e  
o n  t h e  a e r a t i o n  o f  t h e  l i q u i d .
The  p h e n o m en a  o f  a e r a t i o n  i s  l i t t l e  u n d e r s t o o d  a t  
t h e  m om ent ,  an d  t h e  d e g r e e  o f  a e r a t i o n  c a n  a t  b e s t  b e  
p r e d i c t e d  o n l y  w i t h i n  -  20£o.
2 ( b ) U  D r y  P r e s s u r e -  d r o p  i n  a  s i e v e  t r a y
The p r e s s u r e  d r o p  due  t o  v a p o u r  f l o w  t h r o u g h  t h e  
p e r f o r a t i o n s  h a s  b e e n  e x t e n s i v e l y  s t u d i e d  b y  A r n o l d  e t  
a l . 2 2 , H u n t  e t  a l . 21 and  L a y f i e l d  e t  a l . 2^ .  F o r  m u l t i p l e  
h o l e  p l a t e s  H u n t 21 c o r r e l a t e d  t h e  d r y  p i r e s s u r e  d r o p  b y  
t h e  f o l l o w i n g  e q u a t i o n :  0
Ao = T o t a l  h o l e  a r e a  s q u a r e  f e e t
Ac = c o lu m n  c r o s s  s e c t i o n a l  a r e a  a v a i l a b l e  f o r  v a p o u r  f l o w  
s q u a r e  f e e t .
Ao Ao 9
O.k ( 1 . 2 5  -  A G )  +  ( 1  -  J i C  ) —  2 .8
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Uo = v a p o u r  v e l o c i t y  t h r o u g h ,  h o l e s  f t . / s e c .
gc = 3 2 . 2
The p r e s s u r e  d r o p  v/us i n t e r p r e t e d  a s  t h e  sum o f  a n  
e n t r a n c e  l o s s  and  e x i t  l o s s  t h r o u g h  t h e  p e r f o r a t i o n .  T h i s  
e q u a t i o n  c a n  h e  u s e d  w i t h o u t  s i g n i f i c a n t  e r r o r  u n l e s s  
t / d o  i s  v e r y  s m a l l .  S i n c e  t h e  d r y  p r e s s u r e  d r o p  i s  v e r y  
s m a l l  i n  m a g n i t u d e  c o m p ared  w i t h  t h e  t o t a l  p r e s s u r e  d r o p ,  
t h i s  e q u a t i o n  c a n  h e  s a f e l y  u s e d .
2 ( h ) 5 T o t a l  p r e s s u r e  d r o p  and  A e r a t i o n  f a c t o r
I f  we a ssu m e  c l e a r  l i q u i d  on t h e  t r a y ,  t h e  t o t a l  p r e s ­
s u r e  d r o p  o f  v a p o u r  t h r o u g h  t h e  t r a y  may he  c a l c u l a t e d  
h y  t h e  f o l l o w i n g  e q u a t i o n :
H  =  h l  +  h p +  hr  ( 2 , 9 ')
h-i~ w e i r  h e i g h t  + c r e s t  on t h e  w e i r  i n c h e s  l i q u i d
hp= d r y  p r e s s u r e  d r o p  i n c h e s  l i q u i d  
h r =  r e s i d u a l  p r e s s u r e  d r o p  i n c h e s  l i q u i d  
= 3 1 . 2  a p p r o x .  (Huang  & Hod s o n 2 )
e i  — ( 2 . 1 0 -
H ow ever  t h e  l i q u i d  on t h e  p l a t e  i s  i n  a n  a e r a t e d  s t a t e
Hence  t h e  p r e s s u r e  d r o p  o f  t h e  v a p o u r  t h r o u g h  t h e  a e r a t e d
l i q u i d  w i l l  be  l e s s  t h a n  h \ .
22A r n o l d  e t  a l .  d e f i n e d  a e r a t i o n  f a c t o r  a s  t h e  
r a t i o  o f  t h e  i n c r e a s e  i n  p r e s s u r e  d r o p  c o r r e s p o n d i n g  t o  
two  w e i r  h e i g h t s  t o  t h e  d i f f e r e n c e  i n  t h e  tw o  w e i r  h e i g h t s .  
T h i s  a s s u m e s  t h a t  w e i r  h e i g h t  i s  e q u a l  t o  c l e a r  l i q u i d  
h e i g h t .  T h i s  a s s u m p t i o n  may h e  j u s t i f i e d  i f  a  s p l a s h
-  20 -
b a f f l e  i s  used , .
H u t c h i n s o n ^  en d  c o - w o r k e r s  h a v e  d e f i n e d  a e r a t i o n  
f a c t o r  a s  t h e  r a t i o  o f  p r e s s u r e  d r o p  i n c r e m e n t  t o  t h e  
c l e a r  d e p t h  i n c r e m e n t .
~ ( 2. 11)
3 ' 3  a *  s b  '
J3  = a e r a t i o n  f a c t o r  d i m e n s i o n  l e s s
j.= s p e c i f i c  g r a v i t y  o f  l i q u i d  = w,_
6 a n d  s ^  = tw o  d i f f e r e n t  c l e a r  l i q u i d  r e f e r e n c e  s e a l s  a B
i n c h e s  l i q u i d .
A P  a n d h p  = B r e s s y t r e  d r o p  t h r o u g h  p l a t e  c o r r e s p o n d i n g  t o  
a  B
S and S r e s p e c t i v e l y  i n c h e s  o f  w a t e r .
a  ’ Jj
M a y f i e l d  e t  a l . ^  a n d  P r i n c e ^  h a v e  d e f i n e d  a e r a t i o n  
f a c t o r  a s  a r a t i o  o f  t h e  o b s e r v e d  p r e s s u r e  d r o p  t h r o u g h  
t h e  f r o t h y  m a ss  on t h e  t r a y  t o  t h e  c a l c u l a t e d  c l e a r  l i q u i d  
d e p t h  on t h e  t r a y .
8  C =  ^ p  -  ' - p o
SwL  ( 2 . 1 2 )
Z i p  = o b s e r v e d  p r e s s u r e  d r o p  i n c h e s  o f  w a t e r
A p o  = p r e s s u r e  d r o p  i n c h e s  o f  w a t e r
=  h p /w L
S = c l e a r  l i q u i d  h e i g h t  o n  t r a y  
= hp = h w + h  ow i n c h e s  l i q u i d  
= s p e c i f i c  g r a v i t y  o f  l i q u i d  
The a e r a t i o n  f a c t o r  i s  l e s s  t h a n  u n i t y  an d  d e c r e a s e s  
w i t h  i n c r e a s i n g  a i r  r a t e .
M a y f i e l d  e t  a l ,  h a v e  c o r r e l a t e d  a e r a t i o n  f a c t o r
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a g a i n s t  c l e u r  l i q u i d  d e p t h  and  a l s o  a g a i n s t  a i r  r a t e  f o r  
a i r - w a t e r  s y s t e m s .
P r i n c e ^  f o u n d  t h e  a e r a t i o n  f a c t o r  t o  h e  d e p e n d e n t  
on  t h e  c l e a r  l i q u i d  h e i g h t  h\ , an d  t h e  r a t i o  o f  l i q u i d  
t o  g a s  f l o w  by v o l u m e ,  b u t  n o t  on t h e  g a s  r a t e .  P r i n c e ^  
h a s  g i v e n  a c o r r e l a t i o n  o f  a e r a t i o n  f a c t o r s  f o r  w a t e r  and  
o t h e r  l i q u i d s .
S c a t t e r  o f  p o i n t s  i n  t h e s e  c o r r e l a t i o n s  i s  c o n s i d e r a b l e ,  
and  h e n c e  i t  c a n  o n l y  be  t a k e n  a s  a g u i d e .  More p r e c i s e  
an d  d e t a i l e d  w ork  i s  n e e d e d  b e f o r e  a r e l i a b l e  p r e d i c t i o n  
c a n  b e  m ade.  S i n c e  t h e  a e r a t i o n  f a c t o r  i s  l e s s  t h a n  u n i t y ,  
t h e  c a l c u l a t e d  p r e s s u r ^  d r o p  w i l l  be  h i g h e r  t h a n  t h e  a c t u a l  
p r e s s u r e  d r o p ,  an d  h e n c e  t h e  d e s i g n  w i l l  b e  a  c o n s e r v a t i v e  
o n e .
-  22 -
IW
• LIQUID THROW OVER THE WEIR
P I G ;  I I I - l
3 .  T h e o r e t i c a l  d e r i v a t i o n  o f  t h e  F o r m u l a e
3 a .  L i q u i d  t h r o v /  o v e r  w e i r
T h e  f o l l o w i n g  d e r i v a t i o n  i s  g i v e n  b y  B o l l e s - 1-? 
V e l o c i t y  o f  l i q u i d  o v e r  t h e  w e i r  i n  t h e  h o r i z o n t a l  
d i r e c t i o n  i s  g i v e n  by
U V 7 =  ( \  ( _ l i L ~  \  t
 ^ V T m \ Q  } { lw how '  IE  -  1
12 "* h/v
0 . 0 2 6 8  ( a  ) ( I ) -------
1-yy h-Q^ y
But f r o n  t h e  s t r a i g h t  w e i r  f o m u l a
a  = 3 5 . 7  (how) 3 / 2  ----------3 . 2
lw
Co hi .  i.:.g e q u a t i o n s  3*1 ■ d 3 ,2
uw = ’ ° * 9 6  h 0w ——— 3 . 3
An a p p l i c a t i o n  o f  t h e  'N e w t o n i a n  l a w  o f  g r a v i t y  g i v e s
. h f  /  12 = J ~ g t . d t  = -J-gt2
f r o n  w h i c h  t h e  t i n e  o f  f r e e  f a l l
t  = 2h f  „ . _ . . - 3 .4
1 2 g
L iq .u id  t h r o w  o v e r  w e i r  c a n  b e  o b t a i n e d  b y  c o n b i n i n g  
e q u a t i o n s  3 . 3  a n d  3 . 4
V/f = 12 uw t
= 12 (0.96 ih ow ) ( /B h  N
  x; I 2 g
= 0*8 / h 0w h f  — -— 3 . 5
-2 3 -
= s + -  h a  (P ro m  f i g u r e  I I I - l
W. = 0 . 8  / h ,  ( s  + h  -  h T )  ( 3 . 6 )' owx w 8
The a b o v e  d e r i v a t i o n  a p p l i e s  o n l y  t o  s t r a i g h t  w e i r s  
and  t h a t  t h e  w e i r  c o n s t r i c t i o n  c o r r e c t i o n  f a c t o r  i s  n e g l e c t e d .
5 ( b )  F r e q u e n c y  o f  o s c i l l a t i o n s  on t h e  p l a t e
The  f o l l o w i n g  d e r i v a t i o n  i s  g i v e n  by M c A l l i s t e r  and
12
P l a n k
S i n c e  t h e  b e h a v i o u r  i s  d i s t i n c t l y  p e r i o d i c a l ,  t h e y  
s u s p e c t e d  t h a t  a c o u s t i c  p h e n o m en a  c o u l d  a c c o u n t  f o r  t h e  
’p e r i o d i c i t y . ’ H e a t h  and  M l l i o t S  were  a b l e  t o  p r e d i c t  
b y  a s i m p l e  e q u a t i o n  t h e  p u l s a t i o n  f r e q u e n c y  i n  s e v e r a l  
d u c t  s y s t e m s  u s e d  i n  t h e i r  s t u d y .  A c e n t r i f u g a l  c o m p r e s s o r  
c a u s e d  a i r  t o  f l o w  i n  t h e  d u c t s .  T h e y  c l a i m e d  t h a t  i n  
a s e n s e  a b u b b l e  cap  o r  s i e v e  t r a y  d i s t i l l a t i o n  t o w e r  may 
be  c o n s i d e r e d  t o  be  a d u c t  s y s t e m .  The d i s t i l l a t i o n  t o w e r s  
a r e  c o m p l i c a t e d  by  t h e  e x i s t e n c e  o f  b o t h  t h e  l i q u i d  a n d  t h e  
g a s  p h a s e ,  b u t  s t i l l  t h e y  a r e  d y n a m ic  f l u i d  s y s t e m s .  The 
f o r m u l a  i s
f  = c / i i \ J 1y  — 0 . 7 )
R i c h a r d s o n * ^  d e v e l o p e d  ( 3 . 7 ) b y  c o n s i d e r i n g  t h e
a c o u s t i c a l  a n a l o g y  o f  a c l a s s i c a l  H e l m h o l t z  r e s o n a t o r .
I 11 a n  e l e c t r i c a l  c i r c u i t  h a v i n g  im pede  n e e  and  c a p a c i t a n c e
b u t  no r e s i s t a n c e ,  t h e  r e s o n a n t  f r e q u e n c y  i s  d e s c r i b e d  b y
t h e  f o l l o w i n g  f a m i l i a r  e q u a t i o n  
_ 1 __
 ( 3 . 8 )
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E q u a t i o n  ( 3 * $ )  r e l a t e s  t h e  r e s o n a n t  f r e q u e n c y  i n  a 
c l a s s i c a l  H e l m h o l t z  r e s o n a t o r  t o  t h e  i n d u c t a n c e  and  
c a p a c i t a n c e .  F o r  a n  a c o u s t i c a l  s y s t e m  t h e  i n e r t a n c e  
i s  a n a l o g o u s  t o  t h e  i n d u c t a n c e  i n  a n  e l e c t r i c a l  c i r c u i t .  
R i c h a r d s o n ^  h a s  shown t h a t  i n e r t a n c e  c a n  be r e p r e s e n t e d  .as
i n e r t a n c e  = &>----------------------------------------------- ----- ( 3 *9 )
S'
L i k e w i s e  t h e  c a p a c i t a n c e  i s  e x p r e s s e d  b y
l / c = = C 1 gy  -----( 3 .1 0 )
Ov V
E q u a t i o n  ( 3 . 7 )  i s  a c o m b i n a t i o n  o f  e q u a t i o n s  
( 3 - 3 ) ,  ( 3 *9 ) and  ( 3 -lQ)> anc-* e x p r e s s e s  t h e  r e s o n a n t  f r e q u e n c y  
a c o u s t i c a l l y  when a l l  t h e  i n e r t a n c e  ( i n d u c t a n c e )  i s  c o n ­
c e n t r a t e d  i n  a  s m a l l  d u c t  and  t h e  c a p a c i t a n c e  i s  i n  t h e  
e n t i r e  b o d y  o f  t h e  v e s s e l .
E q u a t i o n  ( 3 » 7 )  c o u l d  n o t  b e  e x p e c t e d  t o  d e s c r i b e  t h e  
p u l s a t i o n  f r e q u e n c y  i n  a d i s t i l l a t i o n  t o w e r  b e c a u s e  no  a c c o u n t  
h a s  b e e n  tc*ken o f  t h e  c o u p l i n g  a c t i o n  o f  t h e  l i q u i d  and  
g a s  f l o w  r a t e s .  I n  d i s t i l l a t i o n  t o w e r s  v a p o u r  w h i c h  i s  
b u b b l i n g  t h r o u g h  t h e  l i q u i d  t r a n s m i t s  p a r t  o f  t h e  k i n e t i c  
e n e r g y  t o  t h e  l i q u i d .  F o r  a s i m p l e  h a r m o n i c  o s c i l l a t o r ,  
t h e  f r e q u e n c y  o f  v i b r a t i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
v e l o c i t y  o f  m o t i o n ,  t h e r e f o r e  t h e  k i n e t i c  e n e r g y  would  b e  
p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  f r e q u e n c y .  C o n v e r s e l y  
t h e  f r e q u e n c y  would  be p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  
o f  t h e  k i n e t i c  e n e r g y .  E i n c e  a  c o u p l i n g  a c t i o n  o r  t r a n s ­
f e r r i n g  o f  k i n e t i c  e n e r g y  e x i s t s  b e t w e e n  t h e  l i q u i d  an d
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t h e  g a s  p h a s e ,  c o r r e c t i o n  f o r  t h i s  a c t i o n  n i g h t  l o g i c a l l y  
b e  n a d e  b y  u s e  o f  a  r a t i o  o f  t h e  k i n e t i c  e n e r g i e s  o f  t h e  
two p h a s e s *  A c c o r d i n g l y  i f  t h i s  a c t i o n  b e  l o o k e d  u p o n  
a s  a  c a p a c i t a n c e  o r  r a t i o  o f  i n e r t i a l  f o r c e s ,  e q u a t i o n  
( 3 . 9) n a y  b e  r e w r i t t e n  a s
o r
f  = k  c 
2 JT ( ~ n u 2) v  
( n u 2) i
f  = k  C j  £3
2TF ”  /  l v  .
( 3 . 1 1 )
 ( 3 . 1 2 )
k  = p r o p o r t i o n a l i t y  c o n s t a n t  
= 2*5 t  0 . 2
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I | . Scope o f  t h e  -present  i n v e s t i g a t i o n
The  p r e s e n t  i n v e s t i g a t i o n  i s  p r i n c i p a l l y  c o n c e r n e d  
w i t h  t h e  d e s i g n  o f  t h e  d o w n c o m er s .  An a t t e m p t  h a s  b e e n  
made t o  e x p l o r e  t h e  downcom er  f l o w  p a t t e r n s ,  and  a e r a t i o n  
i n  t h e  downcomer a s  a  f u n c t i o n  o f  v a p o u r  and l i q u i d  r a t e s  
and a l s o  t h e  s y s t e m ’ s p h y s i c a l  p r o p e r t i e s .  The e f f e c t  
o f  a i r  r a t e  and  l i q u i d  r a t e  on o s c i l l a t i o n s ,  a e r a t i o n  on 
t h e  p l a t e  and  p r e s s u r e  d r o p s  i s  a l s o  r e p o r t e d .
I n d u s t r i a l  a i r  and  l i q u i d  r a t e s  w e re  u s e d .  L i q u i d  r a t e  
was v a r i e d  f r o m  0 t o  3000  g a l l o n s / h o u r  and  a n  a i r  r a t e  
o f  IZjOO c u .  f e e t / m i n u t e  ( 1 1  f e e t / s e c o n d )  was p o s s i b l e .
The w ork  was l i m i t e d  t o  t h e  s t u d y  o f  f l u i d  
d y n a m i c s  o f  p e r f o r a t e d  p l a t e s  and  no  d i s t i l l a t i o n  s t u d i e s  
o r  d e t e r m i n a t i o n  o f  p l a t e  e f f i c i e n c i e s  w ere  m ade ,  m a s s  
t r a n s f e r  h a s  a  l a r g e  e f f e c t  on what h a p p e n s  o n  t h e  p l a t e  
b u t  i n  t h e  d o w ncom er ,  t h e  m a ss  t r a n s f e r  would  be  v e r y  much 
l e s s  t h a n  o n  t h e  p l a t e ,  a n d  h e n c e  t h e  c o n c l u s i o n s  d ra w n  
f rom  t h i s  w ork  m i g h t  a p p l y  t  > t h e  d i s t i l l i n g  s y s t e m s .  However ,  
r e s u l t s  on t h e  f r o t h  h e i g h t  o n  t h e  p l a t e ,  a e r a t i o n  f a c t o r  
on t h e  p l a t e ,  x ^ r e s s u r e  d r o p s  e t c . ,  w i l l  h a v e  a c o n s i d e r a b l e  
l i m i t a t i o n  s i n c e  t h e y  were  o b t a i n e d  i n  t h e  a b s e n c e  o f  m ass  
t r a n s f e r .  n e v e r t h e l e s s  i t  s eem s  r e a s o n a b l e  t h a t  i n  g e n e r a l  
when a p l a t e  o p e r a t e s  s a t i s f a c t o r i l y  h y d r a u l i c a l l y , i t  
w i l l  h a v e  r e a s o n a b l e  e f f i c i e n c y .
The work  was c a r r i e d  o u t  on s i e v e  p l a t e s  b e c a u s e  t h e y
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a r e  p r o b a b l y  t h e  s i m p l e s t  f o r m  o f  b u b b l e  p l a t e s ,  m o r e o v e r ,  
t h e  l i q u i d s  f r o t h  t o  a g r e a t e r  e x t e n t  on t h e  sieve p l a t e  
t h a n  on t h e  b u b b l e - c a p  p l a t e ;  H e n c e ,  f r o m  t h e  p o i n t  o f  
v i e w  o f  h y d r a u l i c  s t u d i e s  o f  f r o t h i n g  s y s t e m s ,  t h e y  a r e  
more  s u i t a b l e  a s  t h e y  p r e s e n t  a w o r s e  c a s e .  R e s u l t s  on t h e  
dow ncom ers  s h o u l d  b e  a p p l i c a b l e  t o  b u b b l e - c a p  t o w e r s .
h o s t  o f  t h e  w ork  was c a r r i e d  o u t  w i t h  g l y c e r i n e - w a t e r  
s y s t e m s .  Of t h e  p h y s i c a l  p r o p e r t i e s  o n l y  t h e  s u r f a c e  
t e n s i o n  was c h a n g e d  b y  a d d i t i o n s  o f  s u r f a c e  a c t i v e  
co m p o u n d s .  T h i s  i s  b e c a u s e  c o m p ared  t o  o t h e r  p h y s i c a l  
I D r o p e r t i e s ,  s u r f a c e  t e n s i o n ,  a n d  i n  p a r t i c u l a r  d y n a m ic  s u r ­
f a c e  t e n s i o n ,  h a s  t h e  m o s t  i_)rofound e f f e c t  on  t h e  f r o t h i n g  
t e n d e n c i e s  o f  l i q u i d s .
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5* A p p a r a t u s  a n d  E x p e r i m e n t a l  p r o c e d u r e  
5 a  D a t a  on  t h e  A p p a r a t u s , 
l e n g t h  o f  t h e  t r a y  = 3 f e e t  
w i d t h  o f  t h e  t r a y  = 1 f o o t  
t h i c k n e s s  o f  t h e  t r a y  = 0 . 1 1 2  i n c h e s  
h o l e  d i a m e t e r  = -§• i n c h  
p i t c h  o f  t h e  h o l e s  = f  i n c h  t r i a n g u l a r  
n um ber  o f  h o l e s  = 1080  
t o t a l  h o l e  a r e a  = 1 3 .2 5  s q u a r e  i n c h e s  
a r e a  o f  t h e  p e r f o r a t e d  p a r t  o f  t h e
t r a y  = 1 3 . 2 5  i n c h e s  l o n g  x  1 0 . 1 2 5  i n c h e s  w ide  
= 1 3 6 .5  s q u a r e  i n c h e s  
i n l e t  c a l m i n g  s e c t i o n  = k i  i n c h e s  
o u t l e t  c a l m i n g  s e c t i o n  = 6 i n c h e s
D i s t a n c e  b e t w e e n  l a s t  row  o f  p e r f o r a t i o n s  an d  w a l l  = •§• i n c h e s
D i s t a n c e  b e t w e e n  dow ncom er  b a f f l e  and  o u t l e t  w e i r  = 2k i n c h e s
T r a y  s p a c i n g  = 2k i n c h e s
W e i r  h e i g h t  = 3 i n c h e s
L e n g t h  o f  t h e  w e i r  = 12 i n c h e s
Downcomer
L e n g t h  o f  t h e  downcom er  = 2k i n c h e s
B r e a d t h  o f  t h e  dow ncom er  ( i n s i d e )  = 1 1 . 2 5  i n c h e s
P u l l  w i d t h  o f  t h e  d ow ncom er  ( i n s i d e )  = 5 i n c h e s
F i r s t  r e d u c e d  w i d t h  o f  t h e  dow ncom er  ( i n s i d e )  = 3 » k 25 i n c h e s
-  29 -
S e c o n d  r e d u c e d  w i d t h  o f  t h e  dow ncom er  ( i n s i d e )  = 2.2j8 i n c h e s  
T h i r d  r e d u c e d  w i d t h  o f  t h e  downcom er  ( i n s i d e )  = 1 .5U i n c h e s  
Gap b e t w e e n  p l a t e  a n d  downcomer  ed g e  = 2-g i n c h e s  
p ^ x e d  h e l l  13 i n c h e s  w ide  x  l b  i n c h e s  l o n g  x  18 i n c h e s  h i g h  
Movable  t r o u g h  16 i n c h e s  w ide  x  18 i n c h e s  l o n g  x  12 i n c h e s
h i g h
A u x i l l i a r y  t a n k  16 i n c h e s  w ide  x  2k i n c h e s  l o n g  x  16 i n c h e s
h i g h
Column
Area  = 3 f e e t  l o n g  x  1 f o o t  wide 
= 3 sq u a re  f e e t
H e i g h t  o f  b o x  Ho. 1 = 1  f o o t
H e i g h t  o f  b o x  Ho. 2 = 2  f e e t
H e i g h t  o f  b o x  Ho. 3 = 2-g- f e e t
A i r  s y s t e m
P a n : -  S t u r t e v a n t  Ho. 30 GV7/30
s i n g l e  i n l e t  l \  w i d t h  narrow- 
p a t  t e r n  h i g h  p r e s s u r e  f a n .
C a p a c i t y  o f  t h e  f a n : -  1200  c u . f t . / m i n .  a g a i n s t  2*2" w . g .
when r u n n i n g  a t  2900  r . p . m .
M o t o r : -  20 H . P . ,  s q u i r r e l  c a g e  m o t o r
Xk5 0  r . p . m .  3 p h a s e ,  50 p e r i o d s  
i-|00/2jU0 v o l t s
S t a r t e r : -  O i l  im m ersed  h a n d  o p e r a t e d  s t a r  d e l t a  s t a r t e r  
f i t t e d  w i t h  no v o l t  and  o v e r l o a d  r e l e a s e s  h a v i n g  t i m e
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l a g s  an d  a r ranged  f o r  w a l l  m o u n t i n g  
D i a m e t e r  o f  t h e  p i p e  = 6 i n c h e s  
D i a m e t e r  o f  t h e  o r i f i c e  = 3 i n c h e s  
T h i c k n e s s  o f  t h e  o r i f i c e  p l a t e  = i n c h e s  
R o t a m e t e r  r a n g e  = 0 . 5  t o  5 c u . f t . / m i n .  a t  15°C .  an d  760 
mm o f  Hg.
L i q u i d  sy s te m : -
P u m p : -  D o u b le  H e l i c a l  G e a r  pump t y p e  D .H .5 0  ( V a r l e y  F .M .C .  
L t d .  )
O u t p u t  o f  t h e  p u m p : -  a p p r o x i m a t e l y  50 gpm o f  w a t e r  when 
r u n n i n g  a t  a s p e e d  o f  12(25 r . p . m .  a g a i n s t  p r e s s u r e s  f r o m  
a l l  c a u s e s  o f  15 p . s . i n .
M o t o r : -  F la m e  and e x p l o s i o n  p r o o f .
3 H . P .  , 12(25 r . p . m .  2(00/2(2(0 v o l t s  3 p h a s e  50 c y c l e s  
D i a m e t e r  o f  t h e  l i q u i d  p i p e  = 2 i n c h e s
R o t a m e t e r  r a n g e  = 5 - 5 0  gpm o f  w a t e r  a t  20°C.
M ain  t a n k : -  2(0 g a l l o n s  a c t u a l  c a p a c i t y  
S e c o n d  t a n k : -  25 g a l l o n s  a c t u a l  c a p a c i t y
5b D e s c r i p t i o n  o f  t h e  A p p a r a tu s
The a p p a r a t u s  p r i n c i p a l l y  c o n s i s t e d  o f  a  tw o  t r a y  s i e v e  
p l a t e  c o lu m n  o f  f l e x i b l e  d e s i g n  so  t h a t  t r a y s ,  do w n co m ers
an d  w e i r s  c o u l d  b e  e a s i l y  c h a n g e d .  The s p e c i a l  f e a t u r e s
o f  t h e  c o lu m n  w e r e :
( l )  t h e  e x t e r n a l  p e r s p e x  d o w n c o m e r s . T h e s e  p e r m i t  v i s u a l
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o b s e r v a t i o n s  o f  t h e  f r o t h y  l i q u i d
( 2 )  A ' B e l l *  a r r a n g e m e n t  a t  t h e  b o t t o m  o f  t h e  s e c o n d  d o w n c o m e r . 
By m ean s  o f  t h i s  ’ b e l l *  t h e  q u a n t i t y  o f  a i r  d r a g g e d  down 
t o  t h e  b o t t o m  p l a t e  by  t h e  l i q u i d  l e a v i n g  t h e  downcomer  
c o u l d  b e  a c c u r a t e l y  m e a s u r e d .  A p h o t o g r a p h  o f  t h e  a p p a r a t u s  
i s  g i v e n  i n  F i g u r e  V - l  
5b  i  L i  q u i d  s y s t e m .
The f l o w  d i a g r a m  i s  g i v e n  i n  F i g u r e  V -2 .  L i q u i d  was 
pumped up f r o m  t h e  m a i n  t a n k  b y  m eans  o f  a d o u b l e  h e l i c a l  
g e a r  pump t y p e  L I i .50  ( V a r l e y  F . k . C .  L t d . ) .  The pump was 
d r i v e n  b y  a f l a m e  and  e x p l o s i o n  p r o o f  m o t o r ,  c o n t i n u o u s l y  
r a t e d  t o  d e v e l o p  3 h . p .  when r u n n i n g  a t  a s p e e d  o f  Ik  2.5 
r . p . m .  an d  wound f o r  a s u p p l y  o f  IjOO/ljiiO v o l t s  3 p h a s e  50 
c y c l e s .  The pump had  a n  o u t p u t  o f  a p p r o x i m a t e l y  3000 g p h  
o f  w a t e r  when r u n n i n g  a t  a s h a f t  S peed  o f  Ik 23 r . p . m .  
a g a i n s t  p r e s s u r e  f r o m  a l l  c a u s e s  o f  15 p . s . i .
L i q u i d  f r o m  t h e  m a i n  t a n k  f l o w e d  t h r o u g h  a r o t a m e t e r  
t o  t h e  t o p  o f  t h e  c o lu m n  v i a  a 2 i n c h  O .L .  c o p p e r  p i p e .
F i g u r e  V -3  shows t h e  f l o w  o f  l i q u i d  i n  t h e  co lu m n .
a  c i r c u l a r  s t a i n l e s s  s t e e l  p i p e  3 i n c h e s  I . L .  b r o u g h t  
t h e  l i q u i d  on  t o  t h e  t o p  t r a y ,  w h e re  i t  f l o w e d  o v e r  t h e  i n l e t  
w e i r ,  o v e r  t h e  c a l m i n g  s e c t i o n s  and  p e r f o r a t i o n s ,  o v e r  t h e  
o u t l e t  ’w e i r  on t o  t h e  b o t t o m  t r a y  v i a  t h e  t o p  dow ncom er .
I t  t h e n  f l o w e d  o v e r  t h e  c a l m i n g  s e c t i o n s  and p e r f o r a t i o n s  
o f  t h e  b o t t o m  t r a y ,  o v e r  t h e  o u t l e t  w e i r  i n t o  t h e  dovmcomer
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a n d  b e l l  a r r a n g e m e n t ,  w here  t h e  l i q u i d  was -dice n t  r u i n e d .
I t  t h e n  f l o w e d  b a c k  i n t o  t h e  m a i n  t a n k  v i a  t h e  s e c o n d  t a n k .  
L i q u i d  was r e c i r c u l a t e d .  L i q u i d  f l o w  r a t e  was c o n t r o l l e d  
b y  m ean s  o f  t h r e e  v a l v e s .  C ru d e  a d j u s t m e n t  i n  t h e  l i q u i d  
r a t e  was  made b y  m eans  o f  a  b y - p a s s  v a l v e .  P i n e  a d j u s t m e n t  
was made by  m e an s  o f  a g a t e  v a l v e  and a n e e d l e  v a l v e  i n  
p a r a l l e l .  The l i q u i d  r a t e  was m e a s u r e d  b y  m ean s  o f  a 
r o t a m e t e r  w i t h  a s t a i n l e s s  s t e e l  f l o a t .  The r o t a m e t e r  
was c a l i b r a t e d  f o r  t h e  l i q u i d  s y s t e m  g l y c e r i n e - w a t e r .
5 b 2 A i r  s y s t e m .
The f l o w  d i a g r a m  i s  g i v e n  i n  F i g u r e  .V-2 . The a i r  f l o w  
w as  p r o v i d e d  by  sfS t u r t e v a n t ’ No. 30 G-V7/30 s i n g l e  i n l e t  
1-g- w i d t h  n a r r o w  p a t t e r n  h i g h  p r e s s u r e  f a n .  The f a n  was 
d r i v e n  b y  a 20 I I .P .  t o t a l l y  e n c l o s e d  s q u i r r e l  c a g e  m o t o r  
wound f o r  1150  r . p . m .  3 p h a s e ,  50 p e r i o d s ,  1 0 0 /1 1 0  v o l t s .  
The f a n  was c a p a b l e  o f  h a n d l i n g  1200 c u . f t . / m i n .  a g a i n s t  
1 2  i n c h e s  w . g .  when r u n n i n g  a t  2900  r . p . m .
A i r  f rom t h e  f a n ,  a f t e r  f lo w in g  t h r o u g h  the  o r i f i c e  
m e t e r ,  e n t e r e d  th e  b o t to m  o f  t h e  column by a 6 in c h  I . L .  
g a l v a n i s e d  p i p e .  A f t e r  f l o w in g  th r o u g h  t h e  p e r f o r a t i o n s  
and l i q u i d  on th e  t r a y ,  i t  was sucked ba ck  i n t o  th e  f a n .
A i r  was t h u s  r e c i r c u l a t e d .  Air r a t e s  up t o  l lOO c u . f t . /  
rn in .  w e re  p o s s i b l e .
The a i r  r a t e  was c o n t r o l l e d  by  m eans  o f  a s p e c i a l
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g a t e  vaHre, w h i c h  was c o n s t r u c t e d  i n  t h e  l a b o r a t o r y .  The 
m ovem ent  o f  t h e  ' g a t e 1 was c o n t r o l l e d  b y  means  o f  a  v e r y  
f i n e l y  t h r e a d e d  s c r e w  so  t h a t  a n  a d j u s t m e n t  o f  a  f r a c t i o n  
o f  a  m i l l i m e t e r  was p o s s i b l e .
The ’ g a t e  v a l v e ’ when n o t  f u l L y  o p e n ,  made t h e  a i r  
f l o w  o n  one s i d e  o f  t h e  p i p e .  Hence  when p l a c e d  o n  t h e  
d e l i v e r y  s i d e  o f  t h e  f a n ,  i t  c a u s e d  m a l d i s t r i b u t i o n  o f  t h e  
a i r  i n  t h e  w in d b o x  a n d  t h e r e b y  c a u s e d  o s c i l l a t i o n s  on  t h e  
b o t t o m  t r a y .  I t  was t h e r e f o r e  p l a c e d  on  t h e  s u c t i o n  s i d e  
o f  t  he  f a n .
The a i r ,  b e f o r e  i t  e n t e r e d  t h e  w in d b o x ,  was v e n t e d  t o  
a t m o s p h e r e  so t h a t  p r e s s u r e  i n  t h e  w in d b o x  was a p p r o x i m a t e l y  
a t m o s p h e r i c .  T h i s  was n e c e s s a r y  b e c a u s e  t h e  b o t t o m  downcomer  
s h o u l d  d i s c h a r g e  t h e  l i q u i d  a t  t h e  same p r e s s u r e  a s  would  
e x i s t  o n  a l o w e r  t r a y .  T h i s  would  b e  t h e  p r e s s u r e  i n  t h e  
w in d b o x .  S i n c e  t h e  b o t t o m  downcomer  d i s c h a r g e d  t h e  l i q u i d  
i n t o  t h e  t a n k  w h ic h  was o p e n  t o  a t m o s p h e r e ,  t h e  p r e s s u r e  
i n  t h e  w i n d b o x  m u s t  a l s o  be  a t m o s p h e r i c .  S i n c e  t h e  a i r  was 
c i r c u l a t i n g  i n  a c l o s e d  c i r c u i t ,  no  a i r  w i l l  go  i n  o r  come 
o u t  o f  t h e  v e n t  u n l e s s  t h e r e  w ere  some l e a k s  i n  t h e  s y s t e m .  
The v e n t  was t h u s  a n  i n d i r e c t  c h e c k  on t h e  l e a k s  i n  t h e  
s y s t e m .
A i r  r a t e  was m e a s u r e d  by  m eans  o f  a s t a n d a r d  B r i t i s h  
o r i f i c e  m e t e r  3 i n c h e s  I . B .  w i t h  B and  B / 2  t a p p i n g s .  The 
o r i f i c e  m e t e r  was d e s i g n e d  a c c o r d i n g  t o  t h e  s t a n d a r d s  l a i d
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down i n  B . S . S .  10l |2  ( 1 9 ^ 3 ) *  w i t h  t h e  n e c e s s a r y  s t r a i g h t  
l e n g t h s  o f  p i p e  on t h e  u p s t r e a m  an d  d o w n s t r e a m  s i d e  e t c .
5b G o lum n
The s k e t c h  o f  t h e  f u l l y  a s s e m b l e d  c o lu m n  w i t h  t r a y s ,  
- w e i r s ,  d o w n c o m e r s ,  e t c .  i s  g i v e n  i n  F i g u r e  V-3* Column 
c o n s i s t e d  o f  t h r e e  s t a i n l e s s  s t e e l  b o x e s .  A l l  t h e  b o x e s  
w ere  f i t t e d  w i t h  l a r g e  p e r s p e x  windows so  a s  t o  make t h e  
t r a y s  and  do w n co m ers  a c c e s s i b l e  a n d  p e r m i t  v i s u a l  o b s e r ­
v a t i o n s .  Box No. 1 a t  t h e  b o t t o m  was 1 f o o t  3 i n c h e s  l o n g  
x  1 f o o t  wide  x  1 f o o t  h i g h .  I t  s e r v e d  a s  a wind b o x .  I t  
was  f i t t e d  w i t h  a l a r g e  p e r s p e x  window so t h ^ t  w e e p i n g  f r o m  
t h e  b o t t o m  p l a t e  c a n  be  o b s e r v e d .  A i r  e n t e r e d  t h i s  b o x  a t  
t h e  b o t t o m  b y  6 i n c h  I . B .  p i p e .  As t h e  box  was n o t  
s y m m e t r i c a l  w i t h  r e s p e c t  t o  t h e  p e r f o r a t e d  p a r t  o f  t h e  t r a y ,  
i t  c a u s e d  m a l d i s t r i b u t i o n  o f  a i r ,  w h i c h  l e d  t o  o s c i l l a t i o n  
on  t h e  p l a t e .  I n  f a c t  a t  low  a i r  r a t e s  t h e  p l a t e  was w e e p i n g  
a s  w e l l  a s  o s c i l l a t i n g ,  and  t h e r e  was no s t a b l e  r a n g e  o f  
o p e r a t i o n .  H e n ce  t h e  p o r t i o n  o f  t h e  b o x  on  t h e  r i g h t  hand  
s i d e  was b l a n k e d  o f f  so  a s  t o  make i t  s y m m e t r i c a l  w i t h  
r e s p e c t  t o  t h e  p e r f o r a t i o n s .  The o s c i l l a t i o n s  on  t h e  
t r a y  a t  l o w  a i r  r a t e  w e re  t h u s  e l i m i n a t e d .  The c o lu m n  
t h e n  h a d  a r a n g e  o f  s t a b l e  o p e r a t i o n .
Box n o .  2 was 2 f e ’e t  h i g h .  S k e t c h  o f  t h e  b o x  n o .  2 i s  
£ i v e n  i n  F i g u r e  V I t . The box  was d e s i g n e d  i n  s u c h  a  way
-  35 -
P e r fo r a te d  » 
a r e a .  i
to i \ x
C entre l i n e  
f o r  h o l e s .Bottom Tray .
O u tle t  W eir . ( S t .  Edge) |
Round Edged Weir
PIG. V-5
t h a t  t h e  downcom er  was e x t e r n a l  and  c o u l d  b e  e a s i l y  c h a n g e d ,  
and  d i f f e r e n t  t y p e s  o f  do v m co m ers  e . g .  c i r c u l a r ,  r e c t a n g u l a r ,  
e t c .  c o u l d  b e  e a s i l y  f i t t e d  u p .  T h i s  b o x  was f i t t e d  w i t h  
a  s m a l l  c i r c u l a r  p e r s p e x  window so  t h a t  v i s u a l  o b s e r v a t i o n s  
a t  t h e  b o t t o m  o f  t h e  downcomer c a n  be  m ade.
Box n o .  3 was 2 f e e t  6 i n c h e s  h i g h .  The a i r  l e f t  t h e  
b o x  a t  t h e  t o p  b y  m eans  o f  a 6 i n c h  I . B .  p i p e .  The e x i t  
was c o v e r e d  by  a  w i r e  m esh  so  a s  t o  d i s o n t m i n  t h e  a i r  
and  i j r e v e n t  t h e  l i q u i d  d r o p s  g o i n g  i n t o  t h e  fan*
5 b I| T r a y
A s t a i n l e s s  s t e e l  p l a t e  3 f e e t  l o n g ,  1 f o o t  wide  and  
0 . 1 1 2  i n c h e s  t h i c k  h a v i n g  -§■ i n c h  h o l e s  on % i n c h  e q u i l a t e r a l  
t r i a n g u l a r  c e n t r e s ,  was u s e d  w i t h  t h e  l o n g  d i m e n s i o n  
p a r a l l e l  t o  t h e  l i q u i d  f l o w .  The p l a t e  had  a  p e r f o r a t e d  
a r e a  o f  1 3 . 5  i n c h e s  x  1 0 . 1 2 5  i n c h e s .  The c a l m i n g  s e c t i o n  
o n  t h e  i n l e t  s i d e  was 1 |.5  i n c h e s  an d  on t h e  o u t l e t  s i d e  was 
6 i n c h e s .  I n  t h e  o r i g i n a l  d e s i g n  t h e  d i s t a n c e  b e t w e e n  t h e  
l a s t  row o f  p e r f o r a t i o n s  and t h e  w a l l  was o n l y  |  i n c h e s .
T h i s  l e d  t o  w e e p i n g  n e a r  t h e  w a l l  due  t o  w a l l  e f f e c t .  H e n ce  
t h e  h o l e s  n e a r  t h e  w a l l  were  b l a n k e d  o f f  and  t h e  d i s t a n c e  
b e t w e e n  t h e  l a s t  row o f  h o l e s  and  t h e  c o lu m n  w a l l  was g 
i n c h e s .  The o u t l e t  w e i r  was 12 i n c h e s  l o n g  and  3 i n c h e s  
h i g h  and  h a d  a f l a n g e  a t  t h e  b o t t o m ,  s o  t h a t  i t  c a n  be  
b o l t e d  on  t o  t h e  p l a t e .  S k e t c h e s  o f  t h e  t r a y  and  t h e  w e i r s  
a r e  g i v e n  i n  F i g u r e  V -5-
-  36 -
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5~bg Downcomer
I n  t h e  p r e l i m i n a r y  e x p e r i m e n t s  h o  p e r s p e x  down, o n e r s  
i n c h e s  I . D .  and  4 i n c h e s  O .D .  w e r e  u s e d .  I n  t h e  m a i n  e x ­
p e r i m e n t s ,  p e r s p e x  s e g m e n t a l  d o w /n c o n e r s , r e c t a n g u l a r  i n  s e c t i o n  
w e r e  u s e d ,  i h e  i n t e r n a l  c r o s s  s e c t i o n  o f  t h e  downcom er  was 
1 1 . 2 5  i n c h e s  l o n g  x  5 i n c h e s  w i d e .  The g a p  b e t w e e n  t h e  down- 
c o n e r  b a f f l e  ed g e  a n d  t h e  t r a y  was 2% i n c h e s .  The  w i d t h  o f  t h e  
dow ncom er  was r e d u c e d  b y  m e an s  o f  h a r d  r u b b e r  i n s e r t s  1 i n c h  
t h i c k .  T h e s e  r u b b e r  i n s e r t s  w e r e  h e l d  i n  p o s i t i o n  by  m eans  o f  
a  • i n c h  p e r s p e x  p l a t e  w i t h  r u b b e r  f i t t i n g s  on  t h e  s i d e  s o  a s  
t o  f o r m  a  t i g h t  f i t  i n  t h e  d ow ncom er .  P h o t o g r a p h  o f  t h e  down- 
c o m er  w i t h  i t s  w i d t h  r e d u c e d  t o  2 .4 8  i n c h e s  i s  g i v e n  i n  f i g u r e  
V - 6 . P o u r  d i f f e r e n t  w i d t h s  o f  t h e  downcomer w e r e  u s e d .  ( 1) 
f u l l  w i d t h  5 i n c h e s .  ( 2) 3 .425  i n c h e s  ( 3) 2 . 4 8  i n c h e s  a n d  
(4) 1 .5  4 i n c h e s ,  n t  t h e  end  o f  t h e  b o t t o m  dow ncom er ,  a  fb e l l T 
a r r a n g e m e n t  w as  c o n s t r u c t e d  so  a. . t o  m e a s u r e  t h e  q u a n t i t y  o f  a i r  
d r a g g e d  down b y  t h e  l i q u i d  t o  t h e  b o t t o m  p l a t e .  T h i s  a r r a n g e m e n t  
i s  d e s c r i b e d  b e l o w .
The  b e l l  a r r a n g e m e n t
I n  o r d e  t o  g e t  an  a c c u r a t e  e s t i m a t i o n  o f  t h e  a i r  d r a g g e d  
down b y  t h e  l i q u i d  t o  t h e  p l a t e  below/ a i r  " c a r r y - u n d e r , " t h e  
e n t r a i n e d  a i r  m u s t  b e  m e a s u r e d  i n  c o n d i t i o n s  i d e n t i c a l  t o  t h o s e  
t h a t  e x i s t  o n  t h e  t r a y .  The s k e t c h  o f  t h e  a r ra n g em en t  i s  g v e n  
i n  f i g u r e  V-7 . The b o t t o m  downcomer  was  i d e n t i c a l  t o  t h e  t o p  i n  
d i m e n s i o n s .  The  g a p  a t  t h e  b o t t o m  o f  t h e  downcomer  was  t h e  s a n e  
a s  t h e  g a p  b e t w e e n  t h e  t o p  downcom er  b a f f l e  a n d  t h e  t r a y  a n d  a l s o  
i t  was o n  t h e  s a n e  s i d e  a s  i t  w o u ld  b e  i f  t h e  downcomer  was on
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t h e  t r a y .  L i q u i d  w as  t h u s  n a d e  t o  r e v e r s e  i t s  f l o w  a s  i t  d o e s  
f r o n  t r a y  t o  t r a y .  The d o w n c o n e r  was e n c l o s e d  h y  a  f i x e d  b e l l  
12 i n c h e s  w i d e  x  15 i n c h e s  l o n g  x  18  i n c h e s  h i g h .  The  b o t t o n  
o f  t h e  f i x e d  b e l l  was c o v e r e d  b y  a  m o v a b l e  p e r s p e x  t r o u g h  18 
i n c h e s  l o n g  x  16 i n c h e s  w i d e  x  12 i n c h e s  h i g h .  The l i q u i d  
w i t h  i t s  e n t r a i n e d  a i r  c a n e  o u t  o f  t h e  g a p  i n t o  t h e  f i x e d b e l l .  
H e r e  t h e  f r o t h  c a n e  t o  t h e  t o p  w h i l e  c l e a r  l i q u i d  f l o w e d  u n d e r  
t h e  f i x e d  b e l l  o v e r  t h e  m o v a b le  t r o u g h  i n t o  t h e  n a i n  t a n k .
The  f r o t h  c o l l a p s e d  i n  t h e  f i x e d  b e l l  an d  t h e  d i s e n g a g e d  v a p o u r  
was r e m o v e d  t h r o u g h  a  r o t a n e t e r  an d  a  v a l v e . b y  t h e  s u c t i o n  o f  
t h e  f a n .  On a  t r a y  t h e  d o w n c o n e r  d i s c h a r g e s  t h e  l i q u i d  a g a i n s t  
t h e  h e i g h t  o f  c l e a r  l i q u i d  o n  t h e  t r a y .  A g a u g e  g l a s s  t u b e  
was c o n n e c t e d  t o  t h e  b o t t o n  o f  t h e  t r o u g h  an d  v e n t e d  t o  t h e  
f i x e d  b e l l ,  s o  a s  t o  m e a s u r e  t h e  h e i g h t  o f  c l e a r  l i q u i d  on  t h e  
t r o u g h .  By a d j u s t i n g  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  t r o u g h ,  t h i s  
h e i g h t  o f  c l e a K l i q u i d  i n  t h e  t r o u g h  was n a d e  e q u a l  t o  t h e  
h e i g h t  o f  c l e a r  l i q u i d  o n  t r g i y  a t  t h e  i n l e t  c a l n i n g  s e c t i o n .
A l s o  t h e  d o w n c o n e r  d i s c h a r g e s  t h e  l i q u i d  a t  p r e s s u r e  h i g h e r  
t h a n  t h e  p r e s s u r e  o n  t h e  p l a t e  a b o v e  b y  t h e  t r a y  p r e s s u r e  d r o p .
A n a n o m e t e r  was  f i x e d ,  one  a m  o f  w h i c h  c o n n e c t e d  t h e  f i x e d  b e l l  
and  t h e  o t h e r  t o  t h e  w in d  b o x .  By a d j u s t i n g  t h e  o p e n i n g  i n  t h e  
v a l v e ,  t h e  p r e s s u r e  i n  t h e  f i x e d  b e l l  w as  n a d e  e q u a l  t o  p r e s s u r e  
i n  t h e  w i n d b o x ,  w h i c h  i s  h i g h e r  t h a n  t h e  p r e s s u r e  on  t h e  b o t t o n  
t r a y  by  t h e  am ount  o f  t r a y  p r e s s u r e  d r o p .
Thus b y  s u i t a b l e  a d j u s t m e n t  o f  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  
m o v a b l e  t r o u g h  t o g e t h e r  w i t h  a s u i t a b l e  o p e n i n g  o f  t h e  e n t r a i n e d  
a i r  t h r o t t l e  v a l v e ,  t h e  f r o t h  h e i g h t s  and  t h e  c l e a r  l i q u i d
-  38 -
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h e i g h t s  i n  t h e  tw o  d o w n c o n e r s  w e r e  n a d e  e q u a l  and t h e  p r e s s u r e  
i n  t h e  f i x e d  b e l l  was n a d e  e q u a l  t o  t h e  p r e s s u r e  i n  t h e  w in d  
b o x  .
In. o r d e r  t o  p r o v i d e  a  l a r g e  a r e a  f o r  t h e  d i s e n g a g e m e n t  
o f  t h e  a i r ,  a  t a n 1: w as  c o n n e c t e d  t o  t h e  f i x e d  b e l l  b y  a  4 i n c h e  
0 .1 ) .  p e r s p e x  t u b e .  Thus  some f r o t h  f l o w e d  i n t o  t h e  t a n k ,  
c o l l a p s e d  and  t h e  l i q u i d  was d r a i n e d  o f f .  As t h e  p i p e  d i d  n o t  
f l o w  f u l l ,  t h e  d i s e n g a g e d  a i r  w a j  a b l e  t o  f l o w  b a c k  t o  t h e  
f i x e d  b e l l .
I n  o r d e r  t o  p r e v e n t  t h e  f r o t h  g o i n g  i n t o  t h e  a i r  r o t a m e t e r  
t h e  a i r  f r o m  t h e  f i x e d  b e l l  was  f i r s t  t a k e n  t o  a  g l a s s  b o t t l e  
w h e r e  i t  was n a d e  t o  r e v e r s e  i t s  f l o w « Thus  f r o t h  and  l i q u i d  
d r o p s  c o l l e c t e d  a t  t h e  b o t t o n  o f  t h i s  b o t t l e  w h i l e  a i r  f r e e  o f  
f r o t h  w e n t  t o  t h e  r o t a m e t e r .
5bg Mea s u r enen t  o f  . .s ta t ic  he^ds  a nd p r e s s u r e d rops
d t a t i c  h e a d  a t  t h e  c e n t r e  an d  n e a r  t h e  o u t l e t  w e i r  w e r e  
m e a s u r e d  b y  t  i n c h  0 .3 ) .  s t a i n l e s s  t u b e s  s c r e w e d  t o  t h e  m a i n  
t r a y ,  f l u s h  w i t h  t h e  t r a y  f l o o r  an d  c o n n e c t e d  t o  t h e  g a u g e  
g l a s s  t u b e s  w h i c h  w e r e  v e n t e d  t o  t h e  s p a c e  a b o v e  t h e  t r a y  f l o o r  
S t a t i c  h e a d  i n  t h e  d o w n c o n e r ,  i n  n n e  i n l e t  c a l l i n g  s e c t i o n  on  
t h e  l o w e r  t r a y ,  w e r e  m e a s u r e d  s i m i l a r l y . t h e  p r e s s u r e s  i n  
t h e  d o w n c o n e r ,  an d  a b o v e  t h e  two t r a y s  w e r e  m e a s u r e d  b y  t u b e s  
f l u s h  w i t h  t h e  w a l l  and  c o n n e c t e d  t o  t h e  m a n o m e t e r s ,  f i g u r e  
V- 7  and  f i g u r e  V- 8  show t h e  p r e s s u r e  p o i n t s  on  t h e  t o p  and  
b o t t o n  dow ncom er  s y s t e m s ,
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5 c E x p e r i n e n t a l  p r o c e d u r e
The  f a n  was  f i r s t  s w i t c h e d  o n  ancl t h e n  t h e  l i q u i d  p u m p e d ,  
h u e  t o  t h e  w o rk  d o n e  b y  t h e  pump and t h e  f a n ,  t h e  t e m p e r a t u r e  
o f  t h e  l i q u i d  and t h e  a i r  r o s e  r a p i d l y  a t  f i r s t ,  u n t i l  a b o u t  
2 5 ° C .  was  r e a c h e d  t h e n  i t  i n c r e a s e d  v e r y  s l o w l y .  The c o lu m n  
was  t h e r e f o r e  a l l o w e d  t o  r u n  a t  t h e  r e q u i r e d  a i r  r a t e  and  l i q u i d  
r a t e  u n t i l  t h e  t e m p e r a t u r e  o f  t h e  l i q u i d  was a b o u t  2 7 ° ^ .  b l i ­
t h e  r e a d i n g s  w e r e  t a k e n  i n  t h e  r a n g e  2 7 0 t o  3 1 ° C . ,  g i v i n g  a  
m ean  t e m p e r a t u r e  o f  2 9 °C , The mean t e m p e r a t u r e  o f  t h e  a i r  a t  
t h e  o r i f i c e  was 3 3 °C „ ^-s t h e  o r i f i c e  was  o u t s i d e  t h e  l a b o r a t o r y ,
some h e a t  w as  l o s t  t o  t h e  a t m o s p h e r e  an d  h e n c e  t h e  a i r  was  
a t  a  l o w e r  t e m p e r a t u r e  a t  t h e  co lu m n  t h a n  a t  t h e  o r i f i c e .
A l l  t h e  a i r  b u b b l e s  i n  t h e  t u b e s  w e r e  c a r e f u l l y  rem oved  
b e f o r e  s t a t i c  h e a d  a n d  p r e s s u r e s  a t  v a r i o u s  p o i n t s  w e r e  r e c o r d e d .
L i q u i d  r o t a m e t e r  was c a l i b r a t e d  f o r  g l y c e r i n e - w a t e r  
b y  c o l l e c t i n g  t h e  l i q u i d  i n  a  l a r g e  drum and  n o t i n g  t h e  t i m e .  
F i g u r e  V-9  g i v e s  t h e  c a l i b r a t i o n  c u r v e  f o r  t h e  r o t a m e t e r .
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I n b u l a t e d _ .Kes u l t s
A s n a i l  a p p a r a t u s  w as  b u i l t  i n  w h i c h  a i r  was b u b b l e d  
t h r o u g h  v a r i o u s  l i q u i d  s y s t e m s  i n  o r d e r  t o  d e t e r m i n e  t h e i r  
f r o t h i n g  c h a r a c t e r i s t i c s  . I t  was f o u n d  t h a t  e v e n  v e r y  s m a l l  
q u a n t i t i e s  o f  d e t e r g e n t s  i n  w a t e r  g a v e  e x c e s s i v e  f r o t h i n g .
A l s o  t h e  f r o t h  p r o d u c e d  was  m ore  p e r s i s t a n t  t h a n  t h e  one  
p r o d u c e d  b y  m e t h y l  a l c h o h o l - w a t e r ,  p a r a f f i n  e t c .  ‘l i e n  
e x p e r i m e n t s  w e r e  c a r r i e d  o u t  i n  t h e  m a in  a p p a r a t u s  i t  w a s  
f o u n d  t h a t  d e t o l - H ^ O  an d  o t h e r  d e t e r g e n t s  i n  w a t e r  d i d  
n o t  g i v e  r e p r o d u c i b l e  r e s u l t s , o v e r  a  l e n g t h  o f  t i n e .  T h i s  
n a y  b e  c u e  t o  s e l e c t i v e  e v a p o r a t i o n  o r  o x i d a t i o n ,  f i n a l l y  
i t  was d e c i d e d  t o  u s e  g l y c e r i n e - w a t e r  b e c a u s e  i t  i s  an  o r g a n i c  
s y s t e m ,  and t h e  f r o t h  p r o d u c e d  i s  s i m i l a r  t o  t h e  o t h e r  o r g a n i c  
s y s t e m s  l i k e  g l y c o l - w a t e r ,  e t c .  The r e s u l t s  w e r e  a l s o  
r e p r o d u c i b l e  .
6 . 2  C i  r c u l f.iT_ dow ncom ers
A l i m i t e d  am oun t  o f  q u a l i t a t i v e  w ork  was c a r r i e d  o u t  w i t h  
c i r c u l a r  d o w n c o n e r s . Two c i r c u l a r  . ,o-/v no o n e r s  i n t e r n a l  d i a m e t e r  
w e r e  u s e d .  Jen some e x p e r i m e n t s  a  r e i r  was u s e d ,  w h i l e  i n  o t h e r s  
t h e  do- n c o n e  i s  w e r e  p r o j e c t e d  a b o v e  t h e  p l a t e  t o  a c t  a s  w e i r .
I t  was  f o u n d  t h a t  e v e n  a t  low  l i q u i d  r a t e s ,  t h e  l i q u i d  
f l o w e d  i n  t h e  c e n t r e  o f  t h e  downcomer r a t h e r  t h a n  t h e  w a l l ,  
t h e r e b y  g e n e r a t i n g  a  l o t  o f  f r o t h  i n  t h e  d o w n c o n e r  d u e  t o
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a  w a t e r  f a l l  e f f e c t .  Due t o  t h e  n a r r o w  d o w n f lo w  c r o s s - s e c ­
t i o n a l  a r e a ,  t h e  l i q u i d  t e n d e d  t o  c l o s e  t h e  m ou th  o f  t h e  
d o w n c o m e r ,  t h e r e b y  b l o c k i n g  t h e  p a t h  o f  t h e  d i s e n g a g e d  
v a p o u r .
A t r i a l  was made w i t h  t h e  e d g e s  o f  t h e  dow ncom er  r o u n d e d  
o f f  i n  o r d e r  t o  make t h e  l i q u i d  f l o w  down t h e  w a l l .  T h i s  
i m p r o v e d  t h i n g s  a t  low  l i q u i d  r a t e s ,  b u t  a t  h i g h e r  r a t e s ,  
b e c a u s e  o f  t h e  s m a l l  a r e a ,  i t  s t i l l  t e n d e d  t o  c l o s e  down 
t h e  m o u th  o f  t h e  dow n co m er .
I t  was o b v i o u s  thu . t  c i r c u l a r  dow ncom ers  c o n s t i t u t e  t h e  
f i r s t  b o t t l e  n e c k  i n  t h e  c o l u m n  c a p a c i t y .  T h e i r  d o w n f lo w  
a r e a  i s  a m l l ,  p r e s s u r e  d r o p  i s  h i g h  a n d  v a p o u r  d i s e n g a g e m e n t  
i s  p o o r  . T h e i r  i n d u s t r i a l  u s e  i s  b e c o m i n g  more  l i m i t e d ,  
an d  h e n c e  i t  was d e c i d e d  t o  c o n c e n t r a t e  on t h e  s e g m e n t a l  
d o w n co m er ,
6 . 3  R o u n d ed  Edge  w e i r  ( s e g m e n t a l  d o w n c o m er )
I n  c a s e  o f  s t r a i g h t  edge  w e i r ,  t h e  l i q u i d  s h o o t s  o v e r  
t h e  w e i r  and  c a s c a d e s  i n t  -> t h e  m i d d l e  o f  t h e  l i q u i d  p p o l .
I n  o r d e r  n o t  t o  b l o c k  t h e  p a t h w a y  o f  t h e  d i s e n g a g e d  v a p o u r  
t h e  l i q u i d  t h r o w  o v e r  t h e  w e i r  h a s  t o  be  l i m i t e d  t o  0 . 6  
t i m e s  t h e  downcomer  w i d t h .
I t  was t h e r e f o r e  f e l t  t h a t  i f  r o u n d  e d g e d  w e i r  was 
u s e d  i n s t e a d  o f  s t r a i g h t  ed g e  w e i r  i t  would k e e p  t h e  l i q u i d  
n e a r  t h e  s e g m e n t a l  b a f f l e  an d  would  d e c r e a s e  t h e  l i q u i d  
t h r o w  o v e r .  A n a r r o w e r  downcomer  c a n  t h e n  be  u s e d ,  t h e r e b y
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i n c r e a s i n g  t h e  a v a i l a b l e  b u b b l i n g  a r e a .
a  r o u n d  e d g e  w e i r  was t h e r e f o r e  t r i e d .  I t  was f o u n d  
t h a t  i t  d e f i n i t e l y  d e c r e a s e s  t h e  l i q u i d  t h r o w  o v e r ,  t h o u g h  
a t  h i g h  l i q u i d  r a t e ,  l i q u i d  d i d  n o t  f l o w  down t h e  w a l l .
T h e r e  were  no  h a m f u l  e f f e c t s  by  way o f  i n c r e a s e  p r e s s u r e  
d r o p  e t c .
S u b s e q u e n t  w ork  showed t h a t  i t  a s  n o t  n e c e s s a r y  t o  
l i m i t  t h e  l i q u i d  t h r o w  o v e r  t o  0 . 6  t i m e s  t h e  downcomer w i d t h ,  
t h e r e  i s  no  h a rm  i n  l e t t i n g  t h e  l i q u i d  h i t  t h e  t o w e r  w a l l ,  
i n s t e a d  o f  c a s c a d i n g  r i g h t  i n t o  t h e  m i d d l e  o f  t h e  l i q u i d  
p o o l .  H e n c e  i t  would a p p e a r  t h a t  t h e r e  would be no  
a d v a n t a g e  i n  u s i n g  t h e  r o u n d  e d g e  w e i r .  I t  would  o n l y  
i n c r e a s e  t h e  f a b r i c a t i o n  c o s t s .
6 . 1  Use o f  v / i ro  m esh
I n  t h e  e x p e r i m e n t a l  s i e v e  p l a t e  c o lu m n ,  e v e n  when u s i n g  
a c a l m i n g  s e c t i o n  g r e a t e r  t h a n  t h e  recommended  3 ~ h i n c h e s ,  
t h e r e  was a  l o t  o f  s p l a s h i n g  and  s u r g i n g  o f  l i q u i d  o v e r  t h e  
o u t l e t  w e i r ,  w h ic h  a l s o  c o n t a i n e d  e n t r a i n e d  v a p o u r*  T h i s  
i s  b o u n d  t o  i n c r e a s e  t h e  f r o t h  h e i g h t  i n  t h e  downcomer .
S i n c e  s e v e r a l  w r i t e r s  have  s a i d  t h a t  i f  f r o t h  h e i g h t  i n  t h e  
d ow ncom er  r e a c h e s  t h e  t o p  o f  t h e  w e i r  t h e  c o lu m n  w ould  f l o o d ,  
I t  was  f e l t  t h a t  i f  f r o t h  was p r e v e n t e d  f r o m  f l o w i n g  i n t o  
t h e  downcom er  i t  would c o n s i d e r a b l y  d e c r e a s e  t h e  f r o t h  
h e i g h t  i n  t h e  dow ncom er .  I t  was t h e r e f o r e  d e c i d e d  t o  
u s e  a  w i r e  m e sh  b a f f l e  j u s t  b e f o r e  t h e  w e i r .  I t  w i l l  h a v e  
t h e  a d d e d  a d v a n t a g e  o f  d i m i n i s h i n g  t h e  s u r g i n g  and
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s p l a s h i n g  o f  l i q u i d  o v e r  t h e  w e i r ,  t h e r e b y  d e c r e a s i n g  t h e  
l i q u i d  t h r o w  o v e r  and a l s o  d e c r e a s i n g  t h e  amount o f  f r o t h  
g e n e r a t e d  i n t o  t h e  downcom er .
A w i r e  m e sh  b a f f l e  a b o u t  15 i n c h e s  h i g h  was e x p e r i m e n t e d  
w i t h .  D i f f e r e n t  s i z e  m e s h e s  were  a l s o  t r i e d .
I t  was f o u n d  t h _ t  i f  a t h i n  m esh  ( l e s s  t h a n  60 m esh )  
i s  u s e d ,  i t  p r e v e n t s  m o s t  o f  t h e  f r o t h  g o i n g  i n t o  t h e  
do w n co m er .  F r o t h  h e i g h t  i n  t h e  downcomer  t h e r e f o r e  d e c r e a s e s ,  
a l o t  o f  s u r g i n g  an d  s p l a s h i n g  i s  e l i m i n a t e d ,  and i n  f a c t  
a t  low  l i q u i d  r a t e s  i t  was a l m o s t  c l e ^ r  l i q u i d  i n  t h e  
d ow ncom er .
H o w e v e r ,  u s e  o f  w i r e  mesh h a s  s e v e r a l  d i s a d v a n t a g e s .
( a )  I t  c a n  o n l y  be  u s e d  i n  c a s e  o f  p u r e  l i q u i d  s y s t e m s  
w i t h o u t  an y  s e d i m e n t s .  O t h e r w i s e  t h e  w i r e  m e sh  w i l l  g e t  
b l o c k e d  a n d  no  l i q u i d  w i l l  be  a b l e  t o  f l o w  down.
( b )  B e c a u s e  o f  t h e  e x t r a  r e s i s t a n c e  t o  t h e  l i q u i d  f l o w ,  
e f f e c t i v e  l i q u i d  he  i g h t  on t h e  p l a t e . i n c r e a s e  s .  H ence  
t h e  wet p r e s s u r e  d r o p  i n c r e a s e s .  A l s o  f r o t h  h e i g h t  on 
t h e  p l a t e  i n c r e a s e s  c o n s i d e r a b l y .  I f  t h e  f r o t h  h e i g h t  
becam e  e q u a l  t o  t r a y  s p a c i n g  t h e  co lu m n  would f l o o d .
T h u s  t h e  a d v a n t a g e  o f  d e c r e a s i n g  t h e  f r o t h  h e i g h t  i n  
t h e  dow ncom er  worn l i m i t e d  by  t h e  i n c r e a s e  i n  t h e  f r o t h  h e i g h t  
o n  t h e  p l a t e .  I t  was t h e r e f o r e  d e c i d e d  t o  t r y  t h e  w i r e  
m e sh  a f t e r  t h e  o u t l e t  w e i r  o v e r  t h e  dow ncom er .  H e re  i t  
was f o u n d  t h a t  d i s e n g a g e d  v a p o u r  i n  t h e  downcomer  g o t  
b l o c k e d  a n d  h a d  t o  be  v e n t e d  t o  t h e  u p p e r  ^ l a t e  b e f o r e  t h e
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FIGURE V I - 1
c o l u m n  w o u ld  f u n c t i o n  a g a i n .  V a r i o u s  m e t h o d s  o f  v e n t i n g  
w e re  t r i e d  w i t h  s u c c e s s .  H o w e v e r ,  a s  w i l l  he  s e e n  f r o m  
t h e  r e m a i n d e r  o f  t h e  s t u d i e s ,  d i s c o v e r i e s  w e re  made w h i c h  
o b v i a t e d  t h e  n e e d  f o r  s u c h  d e v i c e s .
6 . 5  M e a s u r e m e n t  o f  t h e  s u r f a c e  t e n s i o n .
The s t a t i c  s u r f a c e  t e n s i o n  o f  t h e  s o l u t i o n s  w ere  m e a s u r e d  
b y  m eans  o f  d u  Nouy t o r s i o n o m e t e r . The i n s t r u m e n t  was 
f i r s t  c a l i b r a t e d  b y  u s i n g  T o l u e n e ,  B e n z e n e  and  G l y c e r o l .  
R e s u l t s  a r e  g i v e n  i n  F i g u r e  V I - 1 .
I t  was f o u n d  t h a t  t h e  s t a t i c  s u r f a c e  t e n s i o n  o f  t h e
g l y c e r i n e - w a t e r  s o l u t i o n  u s e d  i n  t h e  e x p e r i m e n t s  was l o w e r  
t h a n  t h e  s u r f a c e  t e n s i o n  o f  g l y c e r i n e  o r  t h a t  o f  w a te r *
T h i s  was d u e  t o  t h e  s u r f a c e  a c t i v e  i m p u r i t i e s  p r e s e n t  i n  
t h e  t a p  w a t e r  w h ic h  was u s e d  f o r  g l y c e r i n e —w a t e r  s o l u t i o n .  
A d d i t i o n s  o f  sodium l a u r y l  s u l p h a t e  l o w e r e d  t h e  s t a t i c  
s u r f a c e  t e n s i o n  o f  t h e  s o l u t i o n  u n t i l  i t  r e a c h e d  minimum. 
F u r t h e r  a d d i t i o n s  o f  s o d iu m  l a u r y l  s u l p h a t e  t o  t h e  s o l u t i o n  
d i d  n o t  c h a n g e  t h e  s t a t i c  s u r f a c e  t e n s i o n .  H o w ev e r ,  t h e  
f r o t h a b i l i t y  o f  t h e  s o l u t i o n  c o n t i n u e d  t o  c h a n g e .  The 
f r o t h  was b e c o m i n g  more an d  more  p e r s i s t e n t .  T h e s e  
o b s e r v a t i o n s  a r i ,  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  Mr. A n d r e w s 24 f, 
He f o u n d  t h a t  t h e  v i s c o c i t y  and t h e  s u r f a c e  t e n s i o n  o f  
a  s i n g l e  c o m p o n e n t  l i q u i d  i n  t h e  a b s e n c e  o f  m ass  t r a n s f e r  
h a s  no s i g n i f i c a n t  i n f l u e n c e  on t h e  f r o t h i n g  a b i l i t y .
Mr. Andrews2^ h a s  su g g e s te d  t h a t  t h e  dynamic r i s e  i n  surface-
t e n s i o n  o f  a two-component l i q u i d  i s  th e  p r i n c i p a l  f o r c e
45
s t a b i l i s i n g  t h e  f r o t h ,
D ynam ic  s u r f a c e  t e n s i o n  c a n  b e  m e a s u r e d  b y  t h e  m e th o d
o f  o s c i l l a t i n g  j e t s .  I f  a j e t  i s s u e s  f r o m  a n  o r i f i c e
w h i c h  i s  n o t  c i r c u l a r , ,  t h e  s u r f a c e  t e n s i o n  commences  t o
r e c t i f y  t h e  d e p a r t u r e  f r o m  a c i r c u l a r  s e c t i o n  i n  t h e  j e t ,
a n d  t h e  momentum o f  t h e  l i q u i d  c a u s e s  t h e  j e t  t o  becom e
u n s y m m e t r i c a l  a g a i n  a f t e r  p a s s i n g  t h r o u g h  a  c i r c u l a r  f o r m .
N o d e s  a n d  s w e l l i n g s  a p p e a r  p e r i o d i c a l l y  o n  t h e  j e t  when
s e e n  f r o m  one  s i d e 9 an d  f r o m  t h e i r  d i s t a n c e  a p a r t  t h e  d y n a m ic
s u r f a c e  t e n s i o n  may b e  c a l c u l a t e d .  The t h e o r y  o f  o s c i l l a t i o n
26o f  j e t s  i s  g i v e n  b y  B o h r
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Table  1
Downcomer w id th  = 5 ”
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r
C o n e . :  37/k G l y c e r o l  b y  w t .
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  3 3 ° C .  a n d  1 4 . 8 4  l b s . / s q . i n . )
E x p e r i m e n t  No. 1 . 1 1 . 2 1 . 3 1 . 4 1 . 5
R o t a m e t e r  R e a d i n g 10 15 20 25 30
L i q u i d  R a t e  g  pm 8 . 3 5 1 2 . 5 1 6 . 7 2 0 . 6 5 2 5 . 0
F r o t h  H e i g h t  i n s . . 8 . 5 9 . 2 5 9 . 7 5 9 . 8 7 9 . 7 5
S t a t i c  Head i n s .  l i q . 5 . 8 3 6 . 1 7 6 . 4 0 6 . 5 9 6 . 7 8
A e r a t i o n  f a c t o r 0 . 6 8 6 0 . 6 6 7 0 . 6 5 7 0 . 6 7 2  <). 683
R e s i d e n c e  t i m e  
( T o t a l  V o l . ) s e c . 3 4 . 3 2 2 . 9 1 7 . 1 1 3 . 6 5  :L i . 4 0
T r u e  R e s i d e n c e  
t i m e  s e c . 1 2 . 4 6 8 . 8 8 6 . 9 8 5 . 6 5 4 . 6 5  ;
P r e s s u r e  b u i l d  
u p  ( i n s .  w a t e r ) - - -
H•O 0 . 1
V e l o c i t y  o f  l i q .
f t , / m i n .
3 . 4 9 5 . 2 3 6 . 9 8 8 . 7 2  ;L0 . 4 5
Head l o s s  ( h d . )  i n s .  
l i q .
0 . 1
i—1o 0 . 1 0 . 1 0 . 1
Q u a n t i t y  o f  a i r  
d r a g g e d  down b y  l i q .  
c u . f t . / m i n .
- - 0 . 3 5 0 . 5 5 0 . 7 5
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T a b u la ted  R e s u l t s :  ( Downcemer )
Table  1 c o n t .
E x p e r i m e n t  No. 1 . 6 1 . 7 1 . 8 1 . 9
R o t a m e t e r  R e a d i n g 35 40 4 5 50
L i q u i d  R a t e  g pm 29.  2 33-U 3 7 . 6 4 1 . 7
F r o t h  H e i g h t  i n s . 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0
S t a t i c  H ead  i n s .  l i q . 6 . 9 2 7 . 0 7 7 . 2 6 7 - 4 1
A e r a t i o n  f a c t o r 0 . 6 9 2 0 . 7 0 7 0 . 7 2 6 0 .7 4 1 ;
R e s i d e n c e  t i m e  
( T o t a l  V o l .  ) s e c . 9 . 8 0 8 . 5 7 . 6 6 . 8 5
T r u e  R e s i d e n c e  
t i m e  s ec * 4.. 10 3*58 3 . 1 8 2 . 8 6
P r e s s u r e  b u i l d  
up  ( i n s .  w a t e r ) 0 . 1 0 . 1 5 0 . 1 5 0 . 2
V e l o c i t y  o f  l i q .
f t . / m i n . 1 2 . 2 0 1 3 . 9 5 1 5 . 7 0 1 7 . 4 5
Head  l o s s  ( h d . )  i n s .
l i q . 0 . 1 5 0 . 1 5 0 . 3 0 . 3
Q u a n t i t y  o f  a i r  
d r a g g e d  down by  l i q .  
c . f t . / m i n .
1 . 0 5
, „ —.. -...
1 . 3 0 1 . 6 0
i
1 . 9 5
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T a b u la ted  Resu l t s ;  (Downcomer)
T able  2
Downcomer  w i d t h  = 3 . i | 2 5  i n s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r  
C o n e . :  37/^ G l y c e r o l  by  w t .
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  3 3°C .  and U4. 8U l b s . / s q . i n . )
j E x p e r i m e n t  No. 2 .1 OJ*CM 2 .3 : 2 .i) 2 .5
; R o t a m e t e r  R e a d i n g 7 .5 10 .0 15 20 25
L i q u i d  r a t e  g pm 6.  26 8 .3 5 1 2 .5 1 6 .7
1111
2 0 .6 5
; F r o t h  H e i g h t  i n s . 9 .5 1 0 .0 10 .75 1 1 . 0 1 0 .7 5
S t a t i c  H ead  i n s .  l i q . 5 . 5 9 5 . 8 3 6 .1 7 6 . 5 0 6 .7 9
I A e r a t i o n  f a c t o r 0 . 5 9 0 . 5 8 0 . 5 7 2 0 . 5 9 0 . 6 3
; R e s i d e n c e  t i m e  
! ( T o t a l  V o l . ) s e c . 3 1 . 8 23-7
ii
1 5 . 8 5 i1 1 .8 8 9 .5
i
; T r u e  R e s i d e n c e  
t i m e  s e c . 1 2 .6 9 . 8 7................ 7 .  l it 5-33 k . i
P r e s s u r e  b u i l d ,  
up  ( i n s .  w a t e r )
•0 .1 0 0 .15 i0 .1 5 0 . 2
V e l o c i t y  o f  l i q .  f t /  
m in .
3 - 7 k 5 . 0 1 7 .5
i
'
10 .0  .
i-....... - -t
1 2 . 5 2
i Head l o s s  ( h d . )  i n s .  
; l i q . 0 . 1 0 . 1 1. -.......i
j
0 . 2  ij
t1
0 . 2  j o . 25
| Q u a n t i t y  o f  a i r  
d r a g g e d  down by  l i q .  
c u . f t . / m i n .
-
j
|
i
0 . 2 5  I
I
i
0 . 5  •
!
0 . 7 5
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T ab u la ted  R e s u l t s :  (Downcomer)
Table 2 c o n td .
E x p e r i m e n t  No. 2 . 6 2 . 7 2. 8 2 . 9 2 . 1 0
R o t a m e t e r  h e a d i n g 30 35I k o 45i
50
L i q u i d  R a t e  g pm 2 5 . 0 2 9 . 2 3 3 . u
f ■ ■ —  ~
137 .6
I
4 1 . 7
F r o t h  H e i g h t  i n s . 1 0 . 5 10 ■10
j10
r....... .. .
10
S t a t i c  Head i n s . l i q . 6 . 9 3 7 . 1 7 7 . 3 1 7 . 6 1 7 . 7 6
A e r a t i o n  f a c t o r 0 . 6 6 0 . 7 1 7 0 . 7 3 7
|
0 . 7 6 1  j o . 776
R e s i d e n c e  t i m e
( T o t a l  V o l . ) s e c .
•
7 . 9 6 . 8 5 -9k 5 . 2 7
i
4 . 7 5
T r u e  R e s i d e n c e  j 
t i m e  s e c .  J3 .4 5i 2 . 8 3 2 . 3 7 2 . 1 9 1 . 9 7 3
P r e s s u r e  b u i l d  J 
u p  ( i n s .  w a t e r )  ‘0 . 2 5t 0 . 2 5 0 . 3 0 . 3 0 . 3 7
V e l o c i t y  o f  l i q .  f t /
m i n . 1 5 . 0 1 7 . 5  ; 2 0 . 0 2 2 . 5 5 | 2 5 . 1 0
Head l o s s  ( h d . )  i n s .
......... .......... . ... H i . 0 . 2 5 0 . 3  !0 . 3 5 0 . 3 5 0 . 4 0
Q u a n t i t y  o f  a i r  j 
d r a g g e d  down b y  l i q .  1 
c u . f t . / m i n .
1 . 0 1 . 1 1 . 3 7 1 . 7 5
i
2 . 0
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T a b u l a t e d  H e s u i t s : (D ow ncom er)
T a b l e  3 
Downcomer w i d t h  = 2 . 4 8  i n s .
L i q u i d  s y s t e m ;  G l y c e r i n e  -  w a t e r  
C o n e .  ; 37;i G l y c e r o l  b y  w t .
A i r  r a t e ;  300 c u . f t . / m i n .  ( a t  33°C .  and  1 4 . 8 4  l b s / s q . i n . )
E x p e r i m e n t  No. 3 . 1 3 . 2 3 . 3 3 . 4 3 . 5
R o t a m e t e r  R e a d i n g 7 - 5 1 0 . 0 1 5 . 0 2 0 . 0 2 5 . 0
L i q u i d  R a t e  g  pm 6.  26 8 . 3 5 1 2 . 5 1 6 . 7 2 0 . 6 5
F r o t h  H e i g h t  i n s . 1 1 . 0 1 1 . 0 1 0 . 7 5 1CK 23 1 0 . 0
■ 11 1 ........."
S t a t i c  H ead  i n s .  l i q .  
. . .
|
LT\ ^
i
5 * 8 3 6 . 1 7 6 . 5 0 6 . 7 9 1
A e r a t i o n  f a c t o r 0 . 5 0 7 0 . 5 3 0 . 5 7 3 0 . 6 3 4 0 . 6 7 9
i R e s i d e n c e  t i m e  
( T o t a l  V o l . ) s e c . 2 3 . 2 1 7 - 2 8 1 1 . 5 5 8 . 6 8 6 . 9 2
T r u e  R e s i d e n c e  t i m e  
s e c . 1 0 . 6 7 . 9 5 . 1 6 3 . 6 9 2 . 8 7
P r e s s u r e  b u i l d  up  
( i n s .  w a t e r )
I-1•O 0 . 1 5 0 .  2 0 . 2 5 0 . 3
Ve l o c i t y  o f  l i q .  f t / i i n 5 . 1 8 6 . 9 5 1 0 . 3 5 1 3 . 9 0 1 7 . 3 5
Head  l o s s  ( h d . )  i n s .  
! l i q .
|
, ------------  -----
0 . 1 0 . 1 5
CMO 0 , 2 0 . 2 5
Q u a n t i t y  o f  a i r  
i d r a g g e d  down b y  l i q .  
I c . f t . / m i n .
___ —  f
;
0 . 3 5 0 . 6 5
j
0 . 9 5
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T a b u la ted  R e s u l t s :  (Downcomer)
T f b le  3 c o n td .
I
E x p e r i m e n t ' N o .  j 3 . 6[ j a
1
3 . 6  ; 3 . 9
! . i .
1
i 3 . 1 0t
j R o t a m e t e r  R e a d i n g  ! 3 0 . 0
J i 1 . . . .  - . . . . . . . . . . . . . . . . . . . . . .  »
3 5 . 0  U o .  0
f
4 5 . 0 5 0 . 0
j i 
! L i q u i d  R a t e  g  pm j 2 5 . 0
1 i
----------1....... ......
2 9 . 2  | 33.^4 3 7 . 6 4 1 . 7
j ........
| F r o t h  H e i g h t  i n s . 1 0 . 0 9*5 9*5 9 . 0 9 . 0
S t a t i c  Head i n s .  l i q . 6 . 9 3 7 . 1 7 7 . 4 7 ! 7 . 7 1
I
7 . 8 1
i t e r a t i o n  f a c t o r 0 . 6 9 3 0 . 7 5 5 0 . 7 7 0 . 8 5 6 0 . 8 6 7
R e s i d e n c e  t i m e  
( T o t a l  V o l . ) s e c . 5 . 7 6 4* 9  5 a  32 3 . 8 4 3 . 4 5
[ T r u e  R e s i d e n c e  t i m e  
i  s e c . 2 .4 1 . 9 6 1 . 7 2 1 . 4 8 1 . 2 9
J P r e s s u r e  b u i l d  up 
| ( i n s .  w a t e r )i 0 . 3 0 . 3 5 0 . 4 0 . 4 5 0 . 4 5p™' ——  - ............. ..
! V e l o c i t y  o f  l i q .
I f t / m i n . 2 0 . 7 5 2 4 . 2 0 2 7 . 8
(!
3 1 . 2 3 4 . 7
! Head  l o s s  (hd„) i n s .
| l i q . 0 . 2 5 0 . 3 0 . 3 0 . 4 0 . 4
1 Q u a n t i t y '  o f  a i r  1 j 
j d r a g g e d  down by  l i q .  ! 1 . 3 0  
| c . f t . / m i n .  1
1 . 5 5
i
i
1 . 6 5
i
1 . 8 5 1 . 9 7
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T a b u la te d  Re s u i t s :  (Downcomer)
Table U
Downcomer w i d t h  = 1 *51-1 i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r  
Gone .  : 37/> G l y c e r o l  b y  w t .
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  33°C .  an d  II4. 8I4 l b s . / s q .  i n . )
E x p e r i m e n t  No. 14.1 Q. 2 14.3 ! l*.l4
1
! 14.5
i
R o t a m e t e r  R e a d i n g 5 7 i 10 15 20
L i q u i d  R a t e  g pm k* 175 6«26 8 . 3 5 1 2 . 5 1 6 . 7
F r o t h  H e i g h t  i n s . 13*0 1 2 . 0 1 1 . 0 1 0 . 5 1 0 . 0
S t a t i c  Head i n s .  l i q . 5 .3U 5 . 5 9 5 . 8 1 5 6 . 1 6 6 . 5 0
A e r a t i o n  f a c t o r 0 .Q 1 0.1*65 0 . 5 2 8 0 . 5 8 7 0 . 6 5
I
R e s i d e n c e  t i m e  
( T o t a l  v o l . ) s e c .
21 .  2 11*. 35 1 0 . 7 7 . 1 5 5 . 3 6
T r u e  R e s i d e n c e  t i m e  
s e c . 1 1 . 6 7 . 1 7 k . 9 3*0 2 . 2 3  1
P r e s s u r e  b u i l d  up  
( i n s .  w a t e r ) 0 . 1 5 0 . 2 0 . 2 2 5 0 . 3 0 . 3 7
V e l o c i t y  o f  l i q .
f t . / m i n . 5 . 6 2
co 1 1 . 2 5 1 6 . 7 5 22. QO
H ead  l o s s  ( h d . )  i n s .
l i q . 0 . 0 5 0 . 1 5 0 . 1 5 0 . 1 5 0 . 2 5
Q u a n t i t y  o f  a i r  
d r a g g e d  down b y  l i q .
c . f t  , / m i n .
0 . 2 0 . 3 7 0 . 5 5 0 . 6 5 1 . 0
-  53 -
T a b u la ted  R e s u l t s :  (Lowncomer)
T a b l e  I4 c o n t d .
E x p e r i m e n t  No, 1+.6
r " .... -
4 . 7 14.8 14.9 L . 1 0
R o t a m e t e r  R e a d i n g 25 30 35 140 k 3
L i q u i d  R a t e  g pm 2 0 . 6 5 2 5 . 0 2 9 . 2 3 3 . 4 3 7 . 6
F r o t h  H e i g h t  i n s . 9 . 5 9 . 0 8 . 5 8 . 0 8 . 0
S t a t i c  Head  i n s . 6 . 7 9 5 7.  08 7 . 5 2 8 . 0 8.1+2
A e r a t i o n  f a c t o r 0 . 7 1 5 0 , 7 8 7 0 . 8 8 5 1 . 0 1 . 0 5
R e s i d e n c e  t i m e  
T o t a l  V o l .  s e c . 14.28 3 . 5 7 3 . 0 7 2 . 6 8 2. 38
T r u e  R e s i d e n c e  
t i m e  s e c . 1 . 6 9 1 . 3 k 1 . 0 5 9 0 . 8 9 0 . 7 9
P r e s s u r e  b u i l d  up  
( i n s .  w a t e r ) 0 .L 5 0 . 5 0 0 . 6 0 . 9 1 . 2
V e l o c i t y  o f  l i q .
f t . / m i n 2 8 . 1 0 3 3 . 7 0 3 9 .  20 1+5.0 5 0 . 5
I
Head l o s s  ( h d . )  i n s .  L ...
l i q .  j 0 . 3
.................................. . . . i ......
0 . 1+
iI
0 . 5 5  :0 . 6
. ...... . !
0 . 7
Q u a n t i t y  o f  a i r  ! 
d r a g g e d  down b y  l i q .  j 
c . f t . / m i n . j 1 .  3 1 . 5
I
1 . 7 5  ' 2 . 0
!
2 . 2 0
-  54 -
T a b u l a t e d  Re s u i t s ; ( L'o wn c ome r )
T ^ b l e  5
Sowncomer  w i d t h  = 2.248 i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r  + ■§■ gm. h a .  l a u r y l
s u l p h a t e  i n  c u f t .  o f  s o l .
C one .  : 37/^ G l y c e r o l  b y  w t .
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  33°C .  and II4. 8iq l b s . / s q .  i n . )
E x p e r i m e n t  h o . 5 . 1
\
5 . 2 5 . 3 5.24. 5 . 5
r ■ r ,
5 . 6
R o t a m e t e r  R e a d i n g 5 10 20 30 240 245
L i q u i d  r a t e  g pm i l . 1 8 8 . 3 5 1 6 . 7 2 5 . 0 33.24 3 7 . 6
F r o t h  H e i g h t  i n s . 124 1 2 . 7 5 1 1 . 5 1 0 . 5 9 . 5 9 . 5
S t a t i c  H ead  i n s .  l i q . 5 - 2 8 5 . 6 7 6 . 3 5 6 . 9 3 7 . 3 7 7 - 6 6
a e r a t i o n  f a c t o r 0 . 3 7 7 0.24245 0 . 5 5 0 . 6 6 0 . 7 7 8 0 . 8 0 7
R e s i d e n c e  t i m e  
( T o t a l  V o l .  ) s e c . 324-6 1 7 . 2 8 8 . 6 5 5 . 7 6 24.32
;
3.824
P r e s  s u r e . . b u i l d  up.-, 
i n s .  w a t e r .
0 . 1 0 . 2 0 . 2 0 . 3 0 . 5 0 . 5
V e l o c i t y  o f  l i q .  
f t . / m i n . 3.247 6 . 9 5 13 .9C 2 0 . 7 5 2 7 - 8 0 3 1 . 2 0
H e a d  l o s s  ( h d . ) i n s .
l i q . 0 . 1 0 . 2 0 . 3 0 . 5 5 0 . 7 5 0 . 7 5
Q u a n t i t y  o f  a i r  
d r a g g e d  down by l i q .  
c u . f t . / m i n . - 0 . 3 0 . 9 5 1 . 5 2 . 0 2 . 5
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T a b u la te d  R e s u l t s ; (Lowncomer)
T a b l e  6
L ow ncom er  w i d t h  = 1 . 5 4  i n c h e s .
L i q u i d  s y s t e m ;  G l y c e r i n e  -  w a t e r  + gm. o f  Na l a u r y l
s u l p h a t e  i n  5 i  c u . f t .
C o n e . :  37;* G l y c e r o l  b y  w t .
A i r  r a t e :  300 c u . f t / m i n .  ( a t  3 3 °C .  a n d  l iq . 8^ I b s . / s q . i n . )
E x p e r i m e n t  No. 6 . 1 6 . 2 6 . 3 6 , 4 6 . 5 6 . 6
 ^ R o t a m e t e r  R e a d i n g 3 5 10 20 30 40
L i q u i d  R a t e  g pm 2 . 5 Z+. 18 8 . 3 5 1 6 . 7 25*0 3 3 . 4
F r o t h  H e i g h t  i n s . 18 15 1 2 . 2 5 1 0 . 2 5 9 . 7 5 9 . 2 5
S t a t i c  Head i n s .  l i q . 5 . 1 4 5 . 4 3 5 . 8 7 6 • I4 7 . 1 7 8 . 1 8
A e r a t i o n  f a c t o r 0 . 2 8 6 0 . 3 6 2 0.1*78 0 . 6 2 4 0 . 7 2 5 0 . 8 8 3
R e s i d e n c e  t i m e  
( T o t a l  V o l . )  a e o . 3 5 - 7 2 1 . 2 1 0 . 7 5 . 3 6 3 . 5 7 2 . 6 8
P r e s s u r e  b u i l d  up 
( i n s .  w a t e r ) 0 . 1 5 0 . 2 0 .  2 0 . 4 0 . 7 5 1 . 1
V e l o c i t y  o f  l i q .
f t / m i n . 5* 37 5 . 6 2 1 1 . 2 5 2 2 . 4 0 3 3 . 7 0 4 5 . 0
Head  l o s s  ( h d » ) 
i n s .  l i q . 0 . 0 5  : 0 . 0 5 0 . 2 0 .  2 0 .  6 0 . 7
Q u a n t i t y  o f  a i r  
d r a g g e d  down b y  l i q .  
c u .  f t  . / m i n .
0 . 2 0 . 3 5 0 . 5 5 1 . 6 IV
)
* 0 2 . 5 5
-  56 -
T ab u la ted  Res u l t s ?  (Lowncomer)
T a b l e  7
Low ncom er  w i d t h  = 2.148 i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r  + 1 gm. Na l a u r y l  
s u l p h a t e  i n  5 i  c u . f t . o f  s o l .
C o n e , :  3T/o G l y c e r o l  b y  w t .
A i r  r a t e :  300  c u . f t . / m i n .  ( a t  3 3 °C .  and  1 4 . 8 4  I b s . / s q .  i n . )
E x p e r i m e n t  No. 7 . 1 7 . 2 7 . 3 7 . 4 7 . 5 7 . 6 7 . 7  ;1
R o t a m e t e r  R e a d i n g 3 5 10 20 30 40 50  j
L i q u i d  R a t e  g pm 2 . 5 14.18 8 . 3 5 1 6 . 7 2 5 . 0 3 3 . 4 4 1 . 7  |
F r o t h  H e i g h t  i n s . F u l l 1 6 . 5 114.5 1 3 . 5 1 2 . 5 1 1 . 0 1 0 . 5  iI
S t a t i c  Head i n s .  l i q . 5-014 5 - 4 2 5 . 9 0 6 . 4 3 7 . 0 2 7 . 5 1  j
5
a e r a t i o n  f a c t o r 0 . 3 0 5 0 . 3 7 4 0 . 4 3 7 0 . 5 m 0 . 6 3 7
t
0 . 7 1 ^
R e s i d e n c e  t i m e  
( T o t a l  V o l . )  s e o . 3 k . 6 1 7 . 2 8 8.  65 5 . 7 6 4 . 3 2
i
3 . 4 5  ;
tt
P r e s s u r e  b u i l d  
u p ( i n s .  w a t e r ) 0 . 1 5 0 . 1 5 0 .  2 0 . 3 0 . 5 5
i
i
0 . 8 0  i
1
V e l o c i t y  o f  l i q .
f t . / m i n . 3 . 1 4 7 ; 6 . 9 5 1 3 . 9 0 2 0 . 7 5 2 7 . 8 0
1
i
3 4 . 7  J
Head  l o s s  ( h d . )  
i n s .  l i q . 0 . 2 0 . 2 0 . 3 5 0 . 4 5 0 . 8  ;
!
0 . 9  j
Q u a n t i t y  o f  a i r  
d r a g g e d  down b y  l i q .  
c u . f t / m i n . 0 . 7 5 1 . 2 0 2 . 3 5 2 . 5 0 2 . 8 5
i
1
3 . 4 0  j
i
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T a b u la ted  Re s u i t s :  (Lowncomer)
T a b l e  8
Lowncomer w i d t h  = 2 . 4 8
L i q u i d  s y s t e m s  G l y c e r i n e  -  w a t e r  + 1-g- gm. Na l a u r y l
s u l p h a t e  i n  5 i  c .  f t .  of' s o l .
G o n e . :  3 7 /  G l y c e r o l  b y  w t .
A i r  r a t e :  300 c u .  f t . / m i n .  ( a t  3 3 ° 0 .  and  1 4 . 8 4  l b s . / s q . i n . )
E x p e r i m e n t  No. 8 . 1 8 . 2  8 . 3 8 . 4 8 . 5 8 . 6
R o t  ame t e r  Re ad i n g 5 10 20 30 40 50
L i q u i d  R a t e  g pm 4 . 1 8 8 . 3 5 1 6 . 7 2 5 . 0 3 3 . 4 4 1 . 7
F r o t h  H e i g h t  i n s . 2 1 . 5 1 6 . 5 1 4 . 5 13 1 1 . 5 1 0 . 5
S t a t i c  Head  i n s .  l i q . 4 - 7 4 5 . 2 3 5 . 8 1 6 . 5 4 7 . 1 2 7 . 6 5
A e r a t i o n  f a c t o r 0 . 2 2 0 . 3 1 7 0 . 4 0 0 . 5 0 3 0 . 6 2 0 . 7 2 8
R e s i d e n c e  t i m e  
( T o t a l  v o l . ) s e c . 3 4 . 6 1 7 . 2 8 8 . 6 5 5 . 7 6 4 , 3 2 3 . 4 5
P r e s s u r e  b u i l d  up 
i n s .  w a t e r 0 . 2 0 . 2 0 . 2  5 0 . 3 0 . 5 0 . 8
V e l o c i t y  o f  l i q .
f t . / m i n . 3 . 4 7 6 . 9 5
-a
1 3 .9 0 ; 2 0 . 7 5 2 7 . 8 0 3 4 . 7
Head l o s s  ( h d . )  i n s .
l i q . 0 . 0 5 0 . 0 5 0 .  2 0 . 4 O. 6 5 0 . 8
Q u a n t i t y  o f  a i r  
d r a g g e d  down by  l i q .  
c u .  f t  . / m i n . 1 . 5 2 . 0 3 . 4 3*6 4 . 0 4 . 5
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T a b u la ted  R e s u l t s :  (Lowncomer)
T a b l e  9
Lowncomer  w i d t h  = 1 . 5 d  i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r .
€ o n c .  : 37a  G l y c e r o l  b y  w t .
L i q u i d  r a t e :  1 2 . 5  g pm
A i r  a t  3 3 °C .  and 11). 8i.j l b s . / s q . i n .
E x p e r i m e n t  n o . 9 . 1 9 . 2 9 . 3 9 . k 9 . 5 9 . 6 9 . 7  !
P r .  d r o p  a t  t h e  
o r i f i c e  i n s .  w a t e r 3 h 5 6 7 8
t
1
9 I
......... .  j
A i r  R a t e  c u . f t . / m i n . 232 270 ; 300 330 357 381
i
k05  j
I
% 1 . 1 1 1 . 2 8 1 . ^ 2 5 1 . 5 1 1 . 6 9 1 . 8 1
..........  ,
1 .9 3  I
*
|
F r o t h  H e i g h t  i n s . 1 0 . 5 1 0 . 7 5 1 1 . 0 1 1 . 5 1 2 . 2 5 1 2 . 7 5 1 3 . 2 5 ;
S t a t i c  h e a d  i n s .  l i q . 5 - 9 8 6 . 1 2 6 . 1 6 6 . 3 9 6 . 6 7 6 . 9 1 7 - 0 9  {f.
i
A e r a t i o n  f a c t o r 0 . 5 7 0 . 5 7 O. 5 6 0 . 5 5 5 0 . 5 ^ 5 0.5^42
j
0 . 53d
1
1
-  59 -
T a b u la te d  R e s u l t s :  ( Lowncomer)
T ab le  1 0
Lowncom er  w i d t h  = 1.524 i n c h e s  
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r  
C one .  : 37/'  ^ G l y c e r o l  b y  w t .
L i q u i d  r a t e :  25 g pm
A i r  a t  33°G .  and  11|. 81f I b s . / s q . i n .
E x p e r i m e n t  no . 1 0 . 1 1 0 . 2 •
oH
10.14 1 0 . 5 1 0 . 6
*1
1 0 . 7 ■
P r .  d r 0X3 a t  t h e  
o r i f i c e  i n s .  w a t e r 3 h 5 6 7 8
i
i
9 Ii
A i r  r a t e  c u .  f t , / r u i n . 232 270 300 330 357 381 U05
f a
i—1 
i—1 
| 
•
i—
1 1 . 2 8 1 .^25 ; 1 . 5 1  : 1 . 6 9 1 . 8 1 1 . 9 3  j
i
P r o t h  H e i g h t  i n s . 8 . 5 9 . 0 9 . 2 5 9 . 7 5 1 0 . 0 1 0 . 5
i
1 1 . 0
......... i
S t a t i c  h e a d  i n s .  l i q . 7 . 0 8 7 . 1 8 7 . 3 1 7.2+5 1 -SU 7 . 8
i
7 - 9 6
A e r a t i o n  f a c t o r 0 . 8 3 3 0 . 7 9 5 0 . 7 9 0 . 761j 0.762+ 0 . 7 3 2 0 . 7 2 3 f
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T a b u l a t e d  R e s u l t s  ( T r a y )
■—----T*   ■ -
T a b l e  11
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r
C one .  : 37/'-' G l y c e r o l  b y  w t .
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  33 ° C . and  1 4 . 8 4  l b s . / s q . i n .  ) 
D ry  p r e s s u r e  d r o p :  1 . 3 5  i n c h e s  w a t e r  
Low ncom er  w i d t h  = 5 i n c h e s .
E x p e r i m e n t  n o . 1 1 . 1 1 1 . 2 1 1 . 3 1 1 .4 1 1 . 5
R o t a m e t e r  r e a d i n g 10 15 20 25 30
L i q u i d  r a t e  g pm 8 . 3 5 1 2 . 5 1 6 . 7 2 0 . 6 5 2 5 . 0
F r o t h  h e i g h t  i n s .  
( c e n t r e ) 6 . 0 6 . 5 6 . 7 5 7 . 0 7
S t a t i c  h e a d  
( c e n t r e )  i n s .  l i q . 1 . 7 5 1 . 8 0 1 . 9 0 2 . 0 2 . 1
F r o t h  h e i g h t
( o u t l e t  w e i r )  i n s . 4 . 0 4 . 2 5 4 . 5 4 . 7 5 5 . 0
S t a t i c  h e a d
( o u t l e t  w e i r )  i n s .  
l i q .
2 . 6 5 2 . 7 0 2 . 8 5 2 - 9 5 3 . 1
T o t a l  p r e s s u r e  d r o p  
i n s .  w a t e r 3 . 3  1. 3 . 3 5  ; 3 . 4 5 3 . 5 5 3 . 6 5
A e r a t i o n  f a c t o r 0 . 5 3 3 . 5 2 5 0 . 5 3 4 0 . 5 4 7 0 . 5 5 6
C a l c u l a t e d  c r e s t  
o v e r  w e i r  (how') i n .  
l i q .
0 . 3 7 8 0 . 4 9 5 0 . 6 0 2 0 .6 9 4 . 0 . 7 8 6
L i q u i d  t h r o w  o v e r  
w e i r  a t  22 i n s . ( i n s . ) 3 . 5 4 4 . 5 h i t s
m
opp .  
.11 •
- 6 1 -
Ta b u la ted  R e s u l t s (Tray)
T ab le  11 co n td .
E x p e r i m e n t  n o . 1 1 . 6 1 1 . 7 1 1 . 8 1 1 . 9
H o t a m e t e r  r e a d i n g 35 *|0 *45 50
L i q u i d  r a t e  g pm
CXICM 3 3 . k 3 7 . 6 *41.7
F r o t h  H e i g h t  i n s .  
( c e n t r e ) 7 . 2 5 7 - 5 8 8 . 5
S t a t i c  Head i n s .  l i q .  
( c e n t r e ) 2 . 2 2 . 3 2 . 3 2 . 3 5
F r o t h  H e i g h t  i n s .  
( o u t l e t  w e i r ) 5 . 0 5 . 0 5 . 0  . 5 . 0
S t a t i c  Head  i n s .  l i q .  
( o u t l e t  w e i r ) 5 .2 3 . 3 3 . 3 5 3 . ^ 0
T o t a l  p r e s s u r e  d r o p  
( i n s .  w a t e r ) 3 . 7 5 3 . 9 k . o *4.15
A e r a t i o n  f a c t o r 0 . 5 7 0 . 5 9 1 0 . 6 0 2 0 . 6 2 5
C a l c u l a t e d  c r e s t  
o v e r  w e i r  (how) i n .  
l i q .
0 . 8 7 3 0 . 9 5 5 1 . 0 3 5 1 . 1 1
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T a b u la ted  R e s u l t s  (Tray)
Table  12
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r  
C o n e . :  37/t G l y c e r o l  by  w t .
L i q u i d  r a t e :  1 2 . 5  g pm
A i r  a t  33°C .  and  1 4 . 8 4  l b s . / s q . i n .
Low ncom er  w i d t h  = 1 . 5 4  i n s .
C a l c u l a t e d  h e i g h t  o f  c r e s t  o v e r  w e i r  = 0 . 4 9 5  i n s .  l i q .
hw + how = 3*495  i n s .  l i q .
E x p e r i m e n t  n o . 1 2 . 1 12 .  2 ; 1 2 . 3 1 2 .4 1 2 . 5 1 2 . 6
P r e s s u r e  d r o p  a t  t h e  
o r i f i c e  ( i n s .  w a t e r ) 3 4 5 6 7 9
A i r  r a t e  c u . f t . / m i n 232 270 300 330 357 405
H o l e  v e l o c i t y  f t . / s e c . 4 2 . 3 4 8 . 9 5 4 . 4 5 9 . 7 6 4 . 6 7 2 . 3
Fb 1 . 1 1 1 . 2 8 1 . 4 2 5 1 . 5 7  ' 1 . 6 9 1 . 9 3
F r o t h  h e i g h t  i n s . 6 6 i ; 64
—7
I 74 o s c i l ­
l a t i o n s
D ry  p r e s s u r e  d r o p  
i n .  l i q . 0 . 7 7 1 . 0 1 1 . 2 3 7 1 . 4 7 1 . 6 9 5 2 . 1 7 5
C a l c u l a t e d  d r y  p r e s ­
s u r e  d r o p  i n .  l i q . 0 . 5 8 6 0 . 7 8 0 . 9 6 4 ■1.165 1 . 3 5 1 . 7 1
T o t a l  p r e s s u r e  d r o p  
i n s .  Y /a te r 3 . 2 5 3 . 4 0 3 - 5 5  ■3 - 7 5 4 . 0 4 . 3 5
A e r a t i o n  f a c t o r 0 . 6 3 0 . 6 0 5 0 . 5 7 5 0 . 5 6 5 0 . 5 6 5 0 . 5 2 0
-  63 -
T a b u l a t e d  R e s u l t s : ( T r a y )  
T a b l e  13
L i q u i d  s y s t e m s  G l y c e r i n e  -  w a t e r  
Gone .  : 377  G l y c e r o l  by  w t .
L i q u i d  r a t e :  2 5 . 0  g pm 
A i r  a t  33°G .  and  liq • 81* l b s . / s q . i n .  
C a l c u l a t e d  c r e s t  o v e r  w e i r  = 0 . 7 8 6  i n .  l i q .  
Lowncomer w i d t h  = 1 . 5 3  i n c h e s .
Exp e r  irne n t  n o . 1 3 . 1 1 3 . 2 1 3 . 3 1 3 . 3 1 3 . 5 1 3 . 6
P r e s s u r e  d r o p  a t  
t h e  o r i f i c e  ( i n s .  
w a t e r )
3 3 5 6 7 9
A i r  r a t e  c u . f t . / m i n . 232 270 300 330 357 3 0 5
H o l e  v e l o c i t y  f t . / s e c 7] 2 . 3 3 8 . 9 5 3 . 3 5 9 . 7 6 3 . 6 7 2 . 3  :
FA 1 . 1 1 1 . 2 8 1 . 3 2  5 1 . 5 7 I . 6 9  < 1 . 9 3
F r o t h  h e i g h t  i n s . 7 . 2 5 7 . 2 5 7 - 5 7 . 7 5 o s c i ; _ l a t i o n £
D ry  p r e s s u r e  d r o p  
i n s .  l i q . 0 . 7 7 1 . 0 1 1 . 2 3 7 1 . 3 7 1 . 6 9 5 2 . 1 7 5
C a l c u l a t e d  d r y  p r e s ­
s u r e  d r o p  i n s .  l i q . 0 . 5 8 6 0 . 7 8 0 . 9 6 3 1 . 1 6 5 1 . 3 5 1 . 7 1
T o t a l  p r e s s u r e  d r o p  
i n s .  w a t e r 3 . 7 5 3 . 8 5 k . O 3 . 1 5 3 . 3  , 3 . 6 5
A e r a t i o n  f a c t o r 0.701-1 0 . 6 6 8 0 . 6 3  3 0 . 6 1 8 0 . 5 9 5 0 . 5 3 0
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Tab u la ted  R e s u l t s
Table  II4
R o u n d ed  e d g e  w e i r  p l u s  w i r e  m e sh  b a f f l e *
D i s t a n c e  b e t w e e n  w e i r  and w i r e  m esh  = 2 \  i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r
C o n e . :  37/C G l y c e r o l  b y  w t .
A i r  r a t e :  300 c u . f t . / m i n .  ( a t  3 3 ° 0 .  and  H4 . 8I4 l b s . / s q . i n . )  
Lowncom er  w i d t h  = 5 i n c h e s .
E x p e r i m e n t  No. l l j . l l a  • 2 1*4.3 (1*4.4 I4 i .3
R o t a m e t e r  r e a d i n g 10 20 30 ko 30
L i q u i d  r a t e  g pm 8 . 3 3 1 6 . 7 2 3 . 0 3 3 . ^ *41.7
F r o t h  h e i g h t  ( i n s . )  
i n  t h e  downcomer 1 1 . 0 1 1 . 3 1 3 . 0 II4.O 1*4.5
F r o t h  h e i g h t  on  t h e  
t r a y  ( i n s . ) 1 0 . 0 1 1 . 0 1 1 . 3 1 2 . 0 1 3 . 0
S t a t i c  h e a d  a t  t h e  
c e n t r e  o f  t r a y  i n . l i q 2.U 3 . 0 3**4 3 . 7 4 . 0
S t a t i c  h e a d  i n .  l i q .  
(L ow ncom er) 632 7 . 8 3 8 .  29 8 . 8 9 . 1 8
S t a t i c  h e a d  a t  t h e  
o u t l e t  w e i r  i n s .  l i q . 3 . 0 i t . 6 *4 .8 5 . 0
T o t a l  p r e s s u r e  d r o p  
i n s .  w a t e r 5 . 3 5 . 6 6 . 0 6 . 2
H ead  l o s s  i n  t h e  
dow ncom er  ( i n s .  l i q . ) 0 . 1 0 . 1 0 . 0 5 0 . 1 0 . 1 5
L i q u i d  t h r o w  o v e r  
w e i r  a t  22 i n s . ( i n s . )
11
smo 
n e a r  ’
Dth
v a i l 2
1
3 h i
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Tab u la ted  R e s u l t s
T ab le  15
R ounded  e d g e  w e i r .  H e i g h t  = 3 i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r  
C o n e . ; 37L G l y c e r o l  b y  w t .
A i r  r a t e :  300  c u . f t . / m i n .  ( a t  33°C .  an d  l l j . 8i4 l b . s . / s q .  i n . ) 
Downcomer  w i d t h  = 5 i n c h e s .
E x p e r i m e n t  n o . 1 5 . i 1 5 . 2 1 5 . 5 ' 15 .  *T" 1 5 . 5 "
R o t a m e t e r  R e a d i n g 10 15 20 30 ko
L i q u i d  r a t e  g pm 8 . 3 5 1 2 . 5 1 6 . 7 2 5 . 0 3 3 . k
F r o t h  h e i g h t  i n  t h e  
d owncome r  ( i n s . ) 10 1 0 . 5 11 1 1 . 5 1 1 . 5
F r o t h  h e i g h t  on  t h e  
t r a y  ( i n s . ) 6 . 5 7 7 7 . 5 7 - 5
S t a t i c  h e a d  i n s .  l i q .  
( d o w n c o m e r ) 5*63 5 . 9 2 6 . 1 5 6 . 5 9 6. 87
S t a t i c  h e a d  a t  t h e  
c e n t r e  o f  t r a y  i n .  l iq . 1 . 7 5 1 . 8 1 . 9 2 . 1 2 . 3
S t a t i c  h e a d  a t  t h e  
o u t l e t  w e i r  i n s . l i q . 2 . 6 5 2 . 8 3 . 0 3 . 2 3 . 3
T o t a l  p r e s s u r e  d r o p  
i n s .  w a t e r 3 . 3 3 .  U3 3 . 6 3 . 8 il .O
Head l o s s  i n  t h e  
dow ncom er  i n s .  l i q . 0 . 1 0 . 1 0 . 0 5 0 . 0 5 0 . 1
L i q u i d  t h r o w  o v e r  w e i i  
a t  22 i n s .  ( i n s . ) •
t—i 2 . 0 2 . 5 k - 5
o p p o ­
s i t e
w a l l
-  66 —*
T a b u l a t e d  R e s u l t s  
T a b l e  16 
Lowncom er  w i d t h  = 5 i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r
C o n e . :  37/C G l y c e r i n e  by  w t .
A i r  a t  3 3 ° C .  a nd li-i. 8ij l b  s .  /  s q . i n .
F r e q u e n c y  o f  o s c i l l a t i o n :  1 . 2 5  -  1 . 3 1  c y c l e s / s e c .
E x p e r t . 
n o .
R o t a -
m e t e r
r e a d g .
L i q u i d  
R a t e  
g pm
O s c i l l a t i o n  pc >int s
P r e s s u r e  d r o p  
a t  t h e  o r i f i c e
1 6 . 1 10 8 . 35 8 . 5 1 . 8 6 1
1 6 . 2 15 1 2 . 5 0 8 . 2 5 1 . 8 3 8
1 6 . 3 20 1 6 . 7 0 7 . 6 5 1 . 7 7 0
1 6 .  iq 25 2 0 . 6 5 7.^4 5 1 .7 i i5
1 6 . 5 30 2 5 . 0 0 7 . 0 1 . 6 9 2
1 6 . 6 35 29 .  20 7 . 8 1 . 7 8 5
1 6 . 7 iiO 33*CO 8.  2 1 . 8 3 1
1 6 . 8 U5 3 7 - 6 0 9 . 2 5 1 . 9U7
1 1 6 , 9 50 i l l .  70
9 - 5 1 . 9 7 0
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T a b u l a t e d  He s u i t s  
Ta b l e  17
Lowncomer w i d t h  = 5 i n c h e s .
L i q u i d  s y s t e m :  w a t e r  -  t c e p o l  
A i r  a t  3 3°C .  and  ±L\.8L\ l b s . / s q . i n .  
T a b l e  1 7 ( a )  l i q u i d  r a t e :  10 g pm
E x p e r i m e n t  n o . 1 7 - 1 1 7 .  2 1 7 . 3 1 7 . k
P r e s s u r e  d r o p  a t  
o r i f i c e  i n .  w a t e r 7 8 9 10
A i r  r a t e  c u . f t . / m i n . 357 381 1^ 05 l\2G
F r e q u e n c y  o f  o s c i l ­
l a t i o n  c y c l e s / s e c . 1.  31f 1 . 3 0 1 . 2 8 8 1. 278
T a b l e  1 7 ( b )  l i q u i d  r a t e :  15 g pm
P r e s s u r e  d r o p  a t  
o r i f i c e  i n s .  w a t e r 7 8 9 10
A i r  r a t e  c u , f t . / u i n . 357 381 I4 05 U 26
F r e q u e n c y  o f  o s c i l ­
l a t i o n  c y c l e s / s e c . 1 . 3 2 f 1 . 2 9
C
OCM1—1 1 . 2 6 2
T a b l e  1 7 ( c )  l i q u i d  r a t e :  25 g pm
P r e s s u r e  d r o p  a t  
o r i f i c e  i n s .  w a t e r 7 8 9
A i r  r a t e  c u . f t . / m i n . 357 381 UO 5
F r e q u e n c y  o f  o s c i l ­
l a t i o n s  c y c l e s / s e c . 1 . 30 1 . 28 1 . 2 6 5
-  68 -
T a b u l a t e d  R e s u l t s  ( T r a y )
T a b l e  JL8
Downcomer  w i d t h  = 2.1} 8 i n c h e s .
L i q u i d  s y s t e m :  G l y c e r i n e  -  w a t e r  + 1^ gm. o f  Na l a u r y l
s u l p h a t e  ( i n  5 i  c u . f t .  o f  s o l . )
G o n e . :  37/L G l y c e r i n e  b y  w t .
A i r  r a t e :  300 c u . f t . / r a i n ,  ( a t  3 3°C .  a n d  -114.81} l b s . / s q . i n . )
: 1 ' I
E x p e r i m e n t  n o .  | 1 8 . 1  ; 1 8 . 2  1 1 8 .3  ; 18.1} ' 1 8 . 5  j l 8 . 6
R o t a m e t e r  r e a d i n g  -3 : 10 .20 30 1|0 i50
a—
L i q u i d  r a t e  g pm • 1}. 17 8 . 3 5  l 6 . 7 0 i 2 5 . 0  3 3 * ^ 0  j l ( l . 70
1 _ _ _ _ _ _  _ : 1 :
F r o t h  h e i g h t  a t  t h e  i
c e n t r e  i n s .  5*5 =6.5 7*0 ‘ 7-75 8 .2 5  ;9 .0
S t a t i c  h e a d  a t  t h e
c e n t r e  i n s .  l i q .  1 . 3  1*5
i F r o t h  h e i g h t  a t  t h e  
i w e i r  i n s .  l i.O 1}.0
1 . 7  1*8 2 . 1  2 . 2
1}.25 1}*75 ‘5 . 5  ' 6 . 0
j S t a t i c  h e a d  a t  t h e  I
I w e i r  i n s .  l i q .  : 2 . 2  j 2 . 5  2 . 9  : 3«0 3 . 2  ;3«3
j P r e s s u r e  d r o p  ( i n s .  
! w a t e r )
i ; 1 i"; 1 . f
i . l  3 . 3  ; 3 - 5  3 . 7 5  ! 3 . 9 5  \ k . 2
C a l c u l a t e d  c r e s t  o v e r !
w e i r  i n s .  l i q .  0 . 2 7  0 . 3 7 8  0 . 6 0 2  0 . 7 8 6  0 . 9 5 5  1 . 1 1
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7 .  R e s u l t s  an d  L i s c u s s i o n .
T h i s  s e c t i o n  i s  d iv ided  i n t o  two m a i n  s u b - s e c t i o n s :
( a )  Lowncomer
( b ) T r a y .
7a  Lowncomer
7 a 1 F r o t h  h e i g h t  i n  t h e  d o w n c o m e r .
F r o t h  h e i g h t  i s  t h e  t o t a l  h e i g h t  o f  t h e  f l u i d  i n  t h e  
d o w ncom er .
E f f e c t  o f  l i q u i d  r a t e .
A t  v e r y  low  l i q u i d  r ^ t e s ,  t h e  dow ncom er  h a s  c l e a r  
l i q u i d  a t  t h e  b o t t o m  f o l l o w e d  b y  a e r a t e d  l i q u i d  and  f r o t h .  
The  l i n e  o f  d e m a r c a t i o n  o f  c l e a r  l i q u i d  and  a e r a t e d  l i q u i d  
i s  f a i r l y  s h a r p .  As t h e  l i q u i d  r a t e  i n c r e a s e s  t h e  p e n e ­
t r a t i o n  o f  t h e  b u b b l e s  i n c r e a s e s  and  t h e  l e v e l  o f  t h i s  l i n e  
o f  d e m a r c a t i o n  d e c r e a s e s  r a p i d l y  and  when i t  r e a c h e s  t h e  
dow ncom er  b a f f l e  e d g e ,  t h e  c a r r y  u n d e r  o f  v a p o u r  by l i q u i d  
c omme n c e s .
F i g u r e  V I I - 1  g i v e s  t h e  e f f e c t  o f  l i q u i d  r a t e  on t h e  
f r o t h  h e i g h t .  As  l i q u i d  r a t e  i n c r e a s e s ^ t h e  f r o t h  h e i g h t  
i n  t h e  downcomer  i n c r e a s e s  a t  f i r s t .  T h i s  i s  p a r t l y  due  
t o  t h e  f a c t  t h a t  more  f r o t h  o v e r f l o w s  t h e  w e i r  and  p a r t l y  
b e c a u s e  more  f r o t h  i s  g e n e r a t e d  i n  t h e  downcom er  d u e  t o  
w a t e r  f a l l  e f f e c t .  The f r o t h  h e i g h t  r e a c h e s  a maximum 
and  w i t h  f u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  t h e  f r o t h  h e i g h t  
d e c r e a s e s .  The r e a s o n  f o r  t h i s  i s  t h a t  some o f  t h e  f r o t h
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A i r  H a t e :  3 0 0  c u f t . / m i n .
(1 )  Downcomer V / id th :  3 . 4 2 5  i n s .
( 2 ) Downcomer  W i d t h :  2 . 4 3  i n s .
(3) Downcomer . W i d t h :  1 . 5 4  i n s .
^  (1)
4
0 10 2cf 3*0
L i  q u i  d R a t  e ( gpm)
7r'a
FIGURE Y I I - l
7. R e s u l t s  and D i s c u s s i o n .
T h i s  s e c t i o n  i s  d iv ided  i n t o  two m a i n  s u b - s e c t i o n s :
( a )  Lowncomer
( b ) T r a y .
7 a  Eownc onier
7a-^ F r o t h  h e i g h t  i n  t h e  d o w n c o m e r .
F r o t h  h e i g h t  i s  t h e  t o t a l  h e i g h t  o f  t h e  f l u i d  i n  t h e  
dow ncom er .
E f f e c t  o f  l i q u i d  r a t e .
A t  v e r y  lo w  l i q u i d  r a t e s ,  t h e  d ow ncom er  h a s  c l e a r  
l i q u i d  a t  t h e  b o t t o m  f o l l o w e d  b y  a e r a t e d  l i q u i d  an d  f r o t h .  
The  l i n e  o f  d e m a r c a t i o n  o f  c l e a r  l i q u i d  and  a e r a t e d  l i q u i d  
i s  f a i r l y  s h a r p .  As t h e  l i q u i d  r a t e  i n c r e a s e s  t h e  p e n e ­
t r a t i o n  o f  t h e  b u b b l e s  i n c r e a s e s  and  t h e  l e v e l  o f  t h i s  l i n e  
o f  d e m a r c a t i o n  d e c r e a s e s  r a p i d l y  and  when i t  r e a c h e s  t h e  
dow ncom er  b a f f l e  e d g e ,  t h e  c a r r y  u n d e r  o f  v a p o u r  by  l i q u i d  
c omme n c e  s .
F i g u r e  V I I - 1  g i v e s  t h e  e f f e c t  o f  l i q u i d  r a t e  on t h e  
f r o t h  h e i g h t .  As l i q u i o  r a t e  i n c r e a s e s ^ t h e  f r o t h  h e i g h t  
i n  t h e  downcomer i n c r e a s e s  a t  f i r s t .  T h i s  i s  p a r t l y  due  
t o  t h e  f a c t  t h a t  more f r o t h  o v e r f l o w s  t h e  w e i r  and  p a r t l y  
b e c a u s e  more  f r o t h  i s  g e n e r a t e d  i n  t h e  downcom er  d u e  t o  
w a t e r  f a l l  e f f e c t .  The f r o t h  h e i g h t  r e a c h e s  a maximum 
and  w i t h  f u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  t h e  f r o t h  h e i g h t  
d e c r e a s e s .  The r e a s o n  f o r  t h i s  i s  t h a t  some o f  t h e  f r o t h
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f  (4) Downcom er  W i d t h :  2 . 4 3  i n c h e s .
(1 ) G - l y c e r i n e  -  W a t e r .
(2) G l y c e r i n e  -  W a t e r  4- -J-gm. o f  
S o d iu m  l a j i r y l  S u l p h a t e
(3) G l y c e r i n e  -  W a t e r  + l g m .  o f  
S o d iu m  l a u y y l  S u l p h a t e .
(4) G l y c e r i n e  -  W a t e r  + l | - g m .  o f  
S o d iu m  l a u r y l  S u l p h a t e .
8 i
4 L
10 20 $0  
L i q u i d  h a t e  (gpm) 
FIGURE VI I -  2
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40
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50
i s  b r o k e n  down by  t h e  i m p a c t  o f  l i q u i d ,  and  a l s o  some o f  
t h e  b u b b l e s  a r c  d r a g g e d  down t o  t h e  p l a t e  b e lo w  by t h e  
l i q u i d .  W i t h  f u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  t h e  d e c r e a s e  
i n  f r o t h  h e i g h t  become a s y m p t o t i c .
E f f e c t  o f  R e d u c t i o n  o f  downcomer w i d t h .
The downcomer  was r e d u c e d  i n  w i d t h  f r o m  ( a )  5 i n c h e s  
t o  ( b )  3.^125 i n c h e s  t o  ( c )  2 . 5 8  i n c h e s  t o  ( d )  1 . 3 d  i n c h e s .  
C u r v e s  ( l ) ,  ( 2 )  and  ('?) i n  F i g u r e  V I I - 1  show t h e  e f f e c t  
o f  t h e  r e d u c t i o n  o f  t h e  dow ncom er  w i d t h  on  t h e  f r o t h  
h e i g h t .  The e f f e c t  i s  t o  make t h e  c h a n g e s  i n  f r o t h  h e i g h t  
w i t h  c h a n g e  i n  l i q u i d  r a t e  more  p r o n o u n c e d .  I n  t h e  c a s e  
o f  t h e  s m a l l e s t  w i d t h j c u r v e  ( 3 ) F i g u r e  V I I - 1 ,  t h e  maximum 
f r o t h  h e i g h t  o c c u r r e d  a t  v e r y  lo w  l i q u i d  r a t e ,  and  h e n c e  
was n o t  r e c o r d e d .  T h u s  a s  l i q u i d  r a t e  i n c r e a s e d  f r o m  
5 - 5 0  gpm, t h e  f r o t h  h e i g h t ,  i n  c a s e  o f
dow ncom er  w i d t h  3 *d-25 i n c r e a s e d  f r o m  9 t o  11 i n c h e s  and  t h e n  
d e c r e a s e d  t o  10 i n c h e s  w h i l e  i n  c a s e  o f  s m a l l e s t  w i d t h  
i t  d e c r e a s e d  f r o m  13 t o  8 i n c h e s .  
a d d i t i o n  o f  s u r f a c e  a c t i v e  c ornp ound
A d d i t i o n  of  sodium l a u r y l  s u l p h a t e  low ered  the  s u r f a c e  
t e n s i o n  of  th e  g l y c e r i n e - w a t e r  sys tem  and i n c r e a s e d  i t s  
f r o t h a b i l i t y . Lore f r o t h  was g e n e r a t e d  on th e  p l a t e .
A t  low  l i q u i d  r a t e s  t h e  f r o t h  h e i g h t s  were  h i g h e r  t h a n  
b e f o r e  and i n  some c a s e s  t h e  e n t i r e  downcom er  became 
f u l l  o f  f r o t h .  I n  f a c t  t h e  f r o t h  r e a c h e d  t h e  t o o  o f
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( l )  F r o t h  h e i g h t  a t  1 2 . 5  gpm
( 2 ) F r o t h  h e i g h t  a t  2 5 . 0  gpm ■
(3) A e r a t i o n  F a c t o r  a t  12 . 5 g p n
, ( 4 ) A e r a t i o n  F a c t o r  a t  25 .Ogpn
*0
1 .0 1 . 2 1 . 4 l 1. 6
(F f a c t o r  b a s e d  o n ' t h e  - p e r f o r a t e d  
a r e a  o f  t h e  t r a y . )
FIGURE V I I - 3
w e i r .  H o w e v e r , w i t h  i n c r e a s e  i n  l i q u i d  r a t e  t h e  f r o t h  
h e i g h b d e c r e a s e d  r a p i d l y  and  t h e  c o lu m n  d i d  n o t  f l o o d .
F i g u r e  V I I - 2  shows t h e  e f f e c t  o f  a d d i t i o n  o f  s o d iu m  l a u r y l  
s u l p h a t e .
E f f e c t  o f  a i r  r a t e .
F i g u r e  Y I I - 3 shows t h e  e f f e c t  o f  ( a i r  r a t e )  F ^  
on  f r o t h  h e i g h t  i n  t h e  dow ncom er .  F^ _ i s  t h e  F f a c t o r  
(v. .vp0«5) p a s e 3 on p e r f o r a t e d  a r e a  o f  t h e  p l a t e ,
( i . e .  th e  a rea  o f  th e  p l a t e  i n  which th e r e  are  p e r f o r a t i o n s ) .  
As th e  a i r  r a t e  i n c r e a s e s ,  th e  f r o t h  h e ig h t  i n c r e a s e s .
F r o t h  h e i g h t  o f  t h e  l i q u i d  r a t e  o f  1 2 . 5  gpm a r e  h i g h e r  
t h a n  t h e  c o r r e s p o n d i n g  f r o t h  h e i g h t s  f o r  25 gpm l i q u i d  
r a t e .  T h i s  i s  b e c a u s e  a t  h i g h e r  l i q u i d  r a t e ,  l i q u i d  b r e a k s  
down some f r o t h  and a l s o  d r a g s  some o f  t h e  b u b b l e s  t o  t h e  
p l a t e  b e l o w .
7a 2 A e r a t i o n  f a c t o r  i n  t h e  d o w n c o m e r .
I t  i s  d e f i n e d  a s  t h e  r a t i o  o f  t h e  d e n s i t y  o f  t h e  
a e r a t e d  l i q u i d  t o  t h a t  o f  u n a e r a t e d  l i q u i d .  Thus  i t  i s  a 
r a t i o  o f  s t a t i c  h e a d  i n  i n c h e s  o f  c l e a r  l i q u i d  i n  t h e  
dow ncom er  t o  f r o t h  h e i g h t  i n  t h e  downcomer .
E f f e c t  o f  l i q u i d  r a t e .
F i g u r e  V I I - I 4 shows t h e  e f f e c t  o f  l i q u i d  r a t e  on t h e  
a e r a t i o n  f a c t o r  i n  t h e  dow ncom er .  As d e s c r i b e d  b e f o r e ,  a s  
l i q u i d  r a t e  was i n c r e a s e d ,  t h e  f r o t h  h e i g h t  i n c r e a s e d  a t  
f i r s t ,  r e a c h e d  a  maximum and  t h e n  d e c r e a s e d .  S t a t i c  h e a d
-  72 -
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(1) D o w n c o n e r  V.ri  d t  h : 3 • 4 2 5 i n s  .
(2) Downcomer W i d t h :  2 . 4 8  i n s .  
(3X Downcomer  W i d t h :  1 . 5 4  i n s .
A i r  R a t e :  3 0 0  c u f t . / m i n .
0 . 3
L i q u i d  R a t e  (gpm .)
DL V I I - 4
i n  t h e  dow ncom er  i s  t h e  sum o f  t r a y  p r e s s u r e  d r o p  p l u s  
h e i g h t  o f  c l e a r  l i q u i d  011 t r a y  p l u s  p r e s s u r e  d r o p  i n  t h e  
d o w n c o m er .  T h e s e  w i l l  i n c r e a s e  o n l y  s l i g h t l y  a s  t h e  
l i q u i d  r a t e  i n c r e a s e s .  S i n c e  a e r a t i o n  f a c t o r  i s  t h e  
r a t i o  o f  s t a t i c  h e a d  t o  f r o t h  h e i g h t ,  a s  l i q u i d  r a t e  v/as 
i n c r e a s e d ,  a e r a t i o n  f a c t o r  d e c r e a s e d  f i r s t ,  r e a c h e d  
minimum a n d  t h e n  i n c r e a s e d  a g a i n .  The i n c r e a s e  seem s  t o  
become a s y m p t o t i c  a t  h i g h  l i q u i d  r a t e s .
R e d u c t i o n  o f  t h e  downcomer w i d t h .
The  e f f e c t  o f  c h a n g e  i n  i i q u E  r a t e  on a e r a t i o n  f a c t o r  
b e c a m e  m ore  p r o n o u n c e d  a s  t h e  downcomer w i d t h  was r e d u c e d .  
( S e e  F i g u r e  VTI-I4 . ) T h u s  i n  t h e  c a s e  o f  t h e  downcomer 
w i d t h  o f  3.^4 25 i n c h e s ,  t h e  a e r a t i o n  f a c t o r  d e c r e a s e d  f r o m
0 . 5 9  t o  . 5 7  a n d  t h e n  i n c r e a s e d  t o  0 . 7 7  w h i l e  i n  t h e  c a s e  
o f  t h e  s m a l l e s t  downcom er  w i d t h ,  i t  i n c r e a s e d  f r o m  0 . 1  t o  
1 . 0 5 .  C u r v e s  ( l )  a n d  ( 3 ) i n  F i g u r e  V I I - I 4 . A e r a t i o n  f a c t o r s  
o f  g r e a t e r  t h a n  u n i t y  a r e  due  t o  p r e s s u r e  b u i l d  u p  i n  t h e  
dow ncom er  and  w i l l  b e  d i s c u s s e d  l a t e r .
C h a n g e  o f  a i r  r a t e .
F i g u r e  V I I - 3  shows t h e  e f f e c t  o f  i n c r e a s e  i n  FA 
o n  a e r a t i o n  f a c t o r .  F^ =  F f a c t o r  b a s e d  on p e r f o r a t e d  a r e a  
o f  t h e  p l a t e .  A e r a t i o n  f a c t o r  d e c r e a s e s  s l i g h t l y  w i t h  
i n c r e a s e  i n  a i r  r a t e .  A e r a t i o n  f a c t o r  f o r  l i q u i d  r a t e  
o f  1 2 . 5  gpm a r e  l o w e r  t h a n  t h e  c o r r e s p o n d i n g  o n e s  f o r  
t h e  2 5 . 0  gpm. T h i s  i s  b e c a u s e  a t  h i g h e r  l i q u i d  r a t e  t h e
-  73  -
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40
5 .O i n s  
3 . 4 2 5 i n s  
2 . 4 8  i n s .  
1 . 5 4  i n s .
50
t h e  f r o t h  h e i g h t  i s  l e s s  whij-e s t a t i c  h e a d  i s  s l i g h t l y  
h i g h e r .
A d d i t io n  o f  su r fa c e  a c t i v e  compound
A s d e s c r i b e d  b e f o r e ,  a d d i t i o n  o f  s u r f a c e  a c t i v e  compound 
s o d i u m  l a u r y l  s u l p h a t e  g a v e  h i g h e r  f r o t h  h e i g h t s  a t  l o w e r  
l i q u i d  r a t e s  b u t  f r o t h  h e i g h t  d e c r e a s e d  r a p i d l y  w i t h  
i n c r e a s e  i n  l i q u i d  r a t e .  S i n c e  t h e  s t a t i c  h e a d  i s  n o t  v e r y  
much a f f e c t e d ,  t h e  a e r a t i o n  f a c t o r  c o r r e s p o n d i n g l y  were  
v e r y  low a t  lo w  l i q u i d  r a t e s ,  and  t h e n  i n c r e a s e d  r a p i d l y .
7a 3 Q u a n t i ty  o f  a i r  dragged down.
E f f e c t  o f  l i q u i d  r a te
F i g u r e  V I I - 5  shows t h e  e f f e c t  o f  l i q u i d  r a t e  on  t h e  
q u a n t i t y  o f  a i r  d r a g g e d  down t o  t h e  p l a t e  b e l o w  by  t h e  
l i q u i d .  A t  low  l i q u i d  r a t e  t h e  v e l o c i t y  o f  l i q u i d  was 
n o t  e n o u g h  t o  d r a g  t h e  a i r  down. Once t h e  f r o t h  h e i g h t  
r e a c h e d  maximum, a n y  f u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  was 
a c c o m p a n i e d  by  a i r  b e i n g  d r a g g e d  down by  t h e  l i q u i d  t o  
t h e  p l a t e  b e l o w .  The q u a n t i t y  o f  a i r  d r a g g e d  down i n c r e a s e d  
w i t h  i n c r e a s e  i n  l i q u i d  r a t e .
K n d u a t i o n  i n  dow ncom er  w i d t h
F i g u r e  V I I - 5  shews  t h e  e f f e c t  o f  r e d u c t i o n  o f  downcomer 
w i d t h .  F o r  a n y  p a r t i c u l a r  l i q u i d  r a t e ,  t h e  q u a n t i t y  o f  a i r  
d r a g g e d  down i n c r e a s e d  a s  t h e  dow ncom er  becam e n a r r o w e r .  
C u r v e s  ( l ) ,  ( 2 ) ,  ( 3 )  and  (i{) i n  F i g u r e  V I I - 5  r e p r e s e n t  
d i f f e r e n t  w i d t h s  o f  t h e  dow ncom er .
The  q u a n t i t y  o f  a i r  d r a g g e d  down h o w e v e r  i s  q u i t e  s m a l l .
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FIC-URE V I I - 6
E v e n  w i t h  t h e  s m a l l e s t  w i d t h  o f  t h e  downcom er  and  t h e  h i g h e s t  
l i q u i d  r a t e ,  i t  was o n l y  2 . 3  c u . f t . / m i n .  C i n c e  t h e  t o t a l  
a i r  r a t e  was 300 c u . f t . / m i n .  , i t  i s  o n l y  a s m a l l  p e r c e n t a g e  
( l e s s  t h a n  1 ^ )  o f  t h e  t o t a l  f l o w .
A d d i t i o n  o f  s u r f a c e  a c t i v e  com pound .
A d d i t i o n  o f  s o d i u m  l a u r y l  s u l p h a t e  l o w e r e d  t h e  s u r f a c e  
t e n s i o n  and  I n c r e a s e d  t h e  f r o t h a h i l i t y  o f  t h e  s y s t e m .  Thus  
m ore  a i r  was e n t r a i n e d  by  t h e  l i q u i d  a s  i t  o v e r f l o w e d  t h e  
w e i r  a n d  a l s o  m ore  f r o t h  was g e n e r a t e d  i n  t h e  dow ncom er .
A l s o  i t  i n c r e a s e d  t h e  p e r s i s t e n c e  o f  f r o t h  and  h e n c e  t h e  
a i r  d i s e n g a g e m e n t  i n  t h e  downcom er  d e c r e a s e d .  F i g u r e  V I I - 6  
shows  t h e  e f f e c t  o f  a d d i t i o n  o f  s o d iu m  l a u r y l  s u l p h a t e .
F o r  c.ny l i q u i d  r a t e ,  t h e  a i r  d r a g g e d  down i n c r e a s e d  -with 
t h e  a d d i t i o n  o f  s o d i u m  l a u r y l  s u l p h a t e .  C u r v e s  ( l ) ,  ( 2 ) ,
( 3 )  and  (i j )  i n  F i g u r e  V I I - 6  show t h a t  q u a n t i t y  o f  a i r  
d r a g g e d  down i n c r e a s e s  r a p i d l y  w i t h  i n c r e a s e  i n  l i q u i d  r a t e  
a t  f i r s t  b u t  a t  h i g h  r a t e s  i t  b e c o m e s  a s y m p t o t i c .
W i t h  t h e  a d d i t i o n  o f  gm o f  Na l a u r y l  s u l p h a t e ,  t h e  
q u a n t i t y  o f  a i r  d r a g g e d  down a t  t h e  h i g h e s t  l i q u i d  r a t e  was 
5 c u . f t . / m i n .  i n  c a s e  o f  downcomer  w i d t h  o f  2.1|8  i n c h e s .
W i t h  f u r t h e r  a d d i t i o n s  o f  s o d i u m  l a u r y l  s u l p h a t e ,  t h i s  q u a n ­
t i t y  i n c r e a s e d  f u r t h e r  b u t  i n  t h e  a p p a r a t u s  i t  was n o t  
p o s s i b l e  t o  m e a s u r e  b e y o n d  3 c u . f t . / m i n .
H o w e v e r ,  w i t h  t h e  a d d i t i o n  o f  10£ grns o f  s o d iu m  l a u r y l  
s u l p h a t e ,  t h e  q u a n t i t y  o f  a i r  d r a g g e d  down was so  g r e a t  t h a t
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ev e n  the  s u b s id ia r y  tan k  con n ected  w ith  th e  ’ f i x e d  b e l l ’ was 
in a d e q u a te  f o r  the  d isen gagem en t o f  a l l  th e  a i r  and i n  f a c t  
th e  f r o t h  f low ed  out o f  th e  v en t  a l l  over  the la b o r a to r y  
f l o o r .  With such e x c e s s i v e  ’ c a r r y -u n d e r ’ o f  vapour by 
l i q u i d ,  the d i s t i l l a t i o n  column would c e a se  t o  f u n c t io n .
I t  i s  apparent from t h i s  phenomena th a t  e x c e s s i v e  
r e c y c l e  o f  vapour from one p l a t e  to  an o th er  would r e d u c e  
th e  c a p a c i t y  o f  th e  column.
B u ild  up o f  p r e s su r e  in  th e  downcomer.
As th e  l i q u i d  r a t e  in c r e a s e d ,  th e  l iq u i d  throw over  
i n c r e a s e d ,  and i t  soon  reached the tow er w a l l .  Because o f  
th e  s u r g in g  and s p la s h in g  on th e  p l a t e ,  th e  f lo w  by no 
means was u n iform . At f i r s t  th e r e  were some p o c k e t s  through  
which th e  d isen g a g ed  vapour cou ld  e s c a p e .  The mouth o f  
th e  downcomer soon became s e a le d  by the  l i q u i d ,  and the  
d ise n g a g e d  vapour had t o  p i e r c e  through  the a era ted  l i q u i d  
l a y e r  where i t  was t h i n n e s t .  T h is  r e s i s t a n c e  produced a 
p r e s s u r e  b u i ld  up in  th e  downcomer. As the l iq u id  r a te  
i n c r e a s e d ,  the  p r e s su r e  b u i ld  up a l s o  in c r e a s e d .  T h is  i s  
o n ly  t o  be e x p e c t e d ,  as  the h e ig h t  o f  a e r a te d  la y e r  over  
th e  w e ir  in c r e a s e d  and hence the t h ic k n e s s  o f  th e  l i q u i d  
l a y e r  a l s o  in c r e a s e d ,  th e r e b y  i n c r e a s in g  the r e s i s t a n c e  
to  th e  d ise n g a g e d  vapour. F ig u re  V I I - 7  shows th e  e f f e c t  o f  
l i q u i d  r a te  on th e  p r e s su r e  b u i ld  up in  th e  downcomer f o r  
d i f f e r e n t  w id ths  o f  the downcomer.
The e f f e c t  o f  red u c in g  th e  w idth  o f  th e  downcomer was
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t o  i n c r e a s e  t h e  b u i l d  up o f  p r e s s u r e  i n  t h e  dow ncom er .
T h i s  f o l l o w s  a s  t h e  n a r r o w e r  t h e  dow n co m er ,  t h e  more 
e f f e c t i v e l y  i t  i s  c l o s e d .
I n  F i g u r e  V I I - 7  t h e  c u r v e s  ( l ) ,  ( 2 )  and  (3 )  a r e  
s t r a i g h t  l i n e s .  Thus  f o r  t h e  downcomer w i d t h s  o f  3 i n c h e s ,  
3 . ^ 2 5  i n c h e s  a n d  2 . ^ 8  i n c h e s  t h e  p r e s s u r e  d r o p  i n c r e a s e d  
l i n e a r 1y w i t h  i n c r e a s e  i n  l i q u i d  r a t e  o v e r  r a n g e  o f  0 - 5 0  gprn. 
B u t  i n  c a s e  o f  t h e  s m a l l e s t  w i d t h  o f  1.5^4 i n c h e s  t h e r e  i s  
a  s h a r p  i n c r e a s e  b e y o n d  25 gprn.
T h i s  p r e s s u r e  b u i l d  up  i n  t h e  downcomer would  o b v i o u s l y  
o v e r c o m e  some o f  t h e  p r e s s u r e  d r o p  i n  t h e  t r a y ,  a n d  t h e r e b y  
r e d u c e  t h e  s t a t i c  h e a d  i n  t h e  dow ncom er .  T h i s  i s  a d v a n t a ­
g e o u s .  H o w e v e r ,  i t  w ou ld  a l s o  t e n d  t o  p u s h  t h e  a i r  down 
t o  t h e  p l a t e  b e l o w  and t h e r e b y  i n c r e a s e  t h e  nc a r r y - u n d e r u 
o f  v a p o u r  by  l i q u i d .
I n  c a s e  o f  s m a l l e s t  w i d t h  o f  t h e  dow ncom er ,  t h e  
p r e s s u r e  b u i l d  up  o f  1 , 2  i n c h e s  o f  w a t e r  was o b s e r v e d .
As l i q u i d  r a t e  was i n c r e a s e d ,  t h e  f r o t h  h e i g h t  
d e c r e a s e d  w h i l e  s t a t i c  h e a d  i n  t h e  dow ncom er  i n c r e a s e d  • 
s l i g h t l y .  H ence  t h e  a e r a t i o n  f a c t o r  i n c r e a s e d .  A l s o  a s  
p r e s s u r e  b u i l d  up i n c r e a s e d ,  s i n c e  i t  h e l p e d  t o  o ve rcom e  
some o f  t h e  t r a y  p r e s s u r e  d r o p  t h e  o b s e r v e d  f r o t h  h e i g h t s  
i n  t h e  d ow ncom er  w e re  f u r t h e r  r e d u c e d  w h i l e  s t a t i c  h ead  
was u n a f f e c t e d .  H ence  t h e  a e r a t i o n  f a c t o r  was c o r r e s p o n d i n g l y  
i n c r e a s e d .  T h i s  made i t  x o o s s i b l e  f o r  a e r a t i o n  f a c t o r  t o
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t o  bo g r e a t e r  t h a n  u n i t y .  I n  case  o f  t h e  s m a l l e s t  w i d t h  
o f  t h e  d o w n c o m e r ,  t h e  maximum a e r a t i o n  f a c t o r  was 1 .0 5  
( s e e  F i g u r e  V I I - 8 ) .
A d d i t i o n  o f  s u r f a c e  a c t i v e  compound s o d iu m  l a u r y l  
s u l p h a t e  i n c r e a s e d  t h e  p r e s s u r e  b u i l d  up i n  t h e  dow ncom er .  
W i t h  t h e  a d d i t i o n  o f  !-§- gms o f  s o d iu m  l a u r y l  s u l p h a t e
maximum p r e s s u r e  b u i l d  up o f  2 i n c h e s  o f  w a t e r  was o b s e r v e d .
I n  F i g u r e  V I I - 8  f r o t h  h e i g h t ,  a e r a t i o n  f a c t o r ,  q u a n t i t y  
o f  a i r  s w e p t  o f f  and  p r e s s u r e  b u i l d ,  up i n  t h e  downcomer  f o r  
t h e  s m a l l e s t  w i d t h  o f  t h e  downcomer a r e  p l o t t e d  a g a i n s t  
l i q u i d  r a t e .  I t  shows t h a t  , . s  l i q u i d  r a t e  i n c r e a s e s ,
f r o t h  h e i g h t  d e c r e a s e s  w h i l e  a e r a t i o n  f a c t o r ,  q u a n t i t y  o f
a i r  d r a g g e d  down a n d  p r e s s u r e  b u i l d  up  i n  t h e  downcomer  
i n c r e a s e d .
7 a ^  D e s i g n  o f  t h e  Downcomer
The d e s i g n  o f  t h e  dow ncom er  i s  b a s e d  on t h e  f o l l o w i n g  
f a c t o r s :
( l )  T r a y  s p a c i n g  ( 2 )  R e s i d e n c e  t i m e  o f  l i q u i d  i n  t h e
dow ncom er  ( 3 )  V e l o c i t y  o f  l i q u i d  i n  t h e  downcomer
( i j )  L i q u i d  t h r o w  o v e r  w e i r .
7a 5 . 1  f r a y  s p a c i n g
I f  t r a y s  a r e  n o t  s u f f i c i e n t l y  f a r  a p a r t ,  f l o o d i n g  
c a n  o c c u r  i f
( 1 )  f r o t h  o n  t h e  p l a t e  r e a c h e s  t h e  p l c . t e  a b o v e
( 2 )  l i q u i d  i n  t h e  downcom er  f i l l s  t h e  d o w n f lo w  up t o  
t h e  t o p  o f  w e i r .
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F r o t h  h e i g h t  i n  t h e  dow ncom er  a t  a  l i q u i d  r a t e  o f  5gpm 
( W a t e r - T e e p o l ;  A i r  r a t e :  3C0 C u f t , / m i n .)
FIGURE VI I — 9
L iq u id  h e i g h t  i n  the  downcomer
L i q u i d  h e i g h t  i n  t h e  downcomer i n  t e r m s  o f  c l e a r  
l i q u i d  c a n  be  c a l c u l a t e d  by  t h e  e q u a t i o n  ( 2 . 1 )
h B = h l  + h t  + h d  E q u .  ( 2 , 1 )
h p  = c l e a r  l i q u i d  h e i g h t  011 t r a y  = h w + h 0w i n c h e s  l i q u i d .
h i  = t o t a l  p r e s s u r e  d r o p  i n c h e s  l i q u i d .
h^  = l i q u i d  h e a d  l o s s  i n  t h e  downcomer i n c h e s  l i q u i d .
The a b o v e  e q u a t i o n  a p p l i e s  o n l y  t o  t h e  c l e a r  l i q u i d  
i n  t h e  d o w ncom er .  A c t u a l l y  t h e  f l u i d  i n  t h e  downcomer  i s  
i n  a n  a e r a t e d  s t a t e  and i s  t o p p e d  v / i t h  f r o t h .  S e v e r a l
w r i t e r s  s u c h  a s  Huang  & H o d s o n ^ ) ,  B o l l e s ^ ^ ,  K i r k b r i d e ^ ^  
L a v i s h ) ,  L e i b s o n ^ ) ,  Hughm ark  O’ C o n n e l ^ " ^  e t c .  a r e  o f  t h e  
o p i n i o n  t h a t  i f  t h i s  a e r a t e d  l i q u i d  r e a c h e d  t h e  t o p  o f  t h e  
w e i r ,  t h e  c o l u m n  w ould  f l o o d .  To q u o te  o n l y  one o f  th e m ,  
B o l l e s ( l )  nA s  t h e  l o a d  i s  i n c r e a s e d  t h e  h e i g h t  o f  a e r a t e d  
l i q u i d  i n  t h e  downcomer  r i s e s .  Whent '  h e  l e v e l  i n  t h e  
d o w n co m er  r e a c h e s  t h e  t o p  o f  w e i r ,  t h e  maximum l i q u i d  
c a p a c i t y  o f  t h e  dow ncom er  i s  r e a c h e d .  Any f u r t h e r  i n c r e a s e  
i n  l i q u i d  l o a d  would  c a u s e  t h e  l i q u i d  t o  h a c k  u p  f r o m  t r a y  
t o  t r a y  u l t i m a t e l y  e n t i r e l y  f i l l i n g  t h e  c o lu m n  w i t h  t h e  
l i q u i d . * ’
H e n ce  t h e y  h a v e  s u g g e s t e d  t h a t  a l l o w a n c e  f o r  a e r a t i o n  
i n  t h e  d ow ncom er  m u s t  be made .  S i n c e  t h e  d e g r e e  o f  a e r a t i o n ,  
an d  h e n c e  t h e  f r o t h  d e n s i t y  i n  t h e  downcomer  c a n n o t  b e  p r e ­
d i c t e d  a t  p r e s e n t ,  t h e y  h a v e  s u g g e s t e d ,  t h a t  maximum h e i g h t  
o f  c l e a r  l i q u i d  t o  be  o f  t h e  t o t a l  d o w n f lo w  h e i g h t
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F r o t h  h e i g h t  i n  t h e  dow ncom er  a t  a  l i q u i d  r a t e  o f  40gpm 
( W a t e r - T e e p o l ;  A i r  r a t e ;  300  C u f t . / m i n . )
FIGURE V l l - 1 0
i . e .  50% o f  t r a y  s p a c i n g  + w e i r  h e i g h t .  
h-B 4  i ( s  + h w)
T h i s  m ean s  t h a t  a v e r a g e  a e r a t i o n  f a c t o r  o f  0 . 5  i s  t o  
h e  a s s u m e d .
I n  t h e  p r e s e n t  w ork  i t  was f o u n d  t h c . t  maximum f r o t h  
h e i g h t  w e re  o b t a i n e d  a t  c o m p a r a t i v e l y  lo w  l i q u i d  r a t e s ,  
and  t h a t  f u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  b r o k e  t h e  f r o t h  
down s u c h  t h a t  f r o t h  h e i g h t  d e c r e a s e d  r a p i d l y .  W i t h  
a d d i t i o n  o f  s o d i u m  l a u r y l  s u l p h a t e  t o  g l y c e r i n e - w a t e r ,  
t h e  dow ncom er  becam e f u l l  o f  f r o t h  a t  v e r y  low  l i q u i d  
r a t e  ( 3  g p m ) . E v e n  when t h e  f r o t h  h e i g h t  r e a c h e d  t h e  
t o p  o f  t h e  w e i r  t h e  c o l u m n  d i d  n o t  f l o o d .  The l i q u i d  
was a b l e  t o  p u s h  i t  a s i d e ,  and  i f  n e c e s s a r y  b r e a k  i t  
an d  f l o w  down. F u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  d e c r e a s e d  
t h e  f r o t h  h e i g h t  r a p i d l y ,  and  no  b a c k - u p  o f  l i q u i d  f r o m  
p l a t e  t o  p l a t e  was o b s e r v e d .
P h o t  - g r a p h s  i n  F i g u r e  V I I - 9  &nd F i g u r e  V I I - 1 0  
c l e a r l y  d e m o n s t r a t e  t h i s  e f f e c t .  P h o t o g r a p h  i n  F i g u r e  V I I - 9  
shows  f r o t h i n g  i n  t h e  downcomer  f o r  w a t e r - t e e p o l  s y s t e m  
o f  a l i q u i d  r a t e  o f  5 gprn. The e n t i r e  downcomer  i s  f u l l  
o f  f r o t h  and  i n  f a c t  t h e  f r o t h  i s  w e l l  a b o v e  t h e  t o p  o f  
t h e  w e i r .  F i g u r e  V I I - 1 0  shows t h e  f r o t h  h e i g h t  i n  t h e  
dow ncom er  f o r  t h e  same s y s t e m ,  a t  t h e  same a i r  r a t e ,  b u t  
a t  much h i g h e r  l i q u i d  r a t e  o f  kO gprn. The  f r o t h  h e i g h t  
h a s  d e c r e a s e d  c o n s i d e r a b l y  a n d  l i q u i d  h a s  n o t  b a c k e d  up 
f r o m  one p l a t e  t o  a n o t h e r ,
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not  c o r r e c t  and t h a t  i t  i s  n o t  n e c e s s a r y  to  make; a l lo w a n c e
f o r  f r o t h i n g  i n  t h e  downcomer  t o  t h e  e x t e n t  o f  d o u b l i n g  
t h e  t r a y  s p a c i n g  t h a n  i s  r e q u i r e d  b y  t h e  c a l c u l a t i o n  o f  
t h e  c l e a r  l i q u i d  h e i g h t  i n  t h e  d o w n c o m e r . U n n e c e s s a r y  
h i g  t r a y  s p a c i n g  i n c r e a s e s  t h e  c o s t  o f  t h e  c o lu m n  c o n s i d e -  
r a h  l y .
The a u t h o r  i s  o f  t h e  o p i n i o n  t h a t  t r a y  s p a c i n g  s h o u l d  
h e  d e t e r m i n e d  h y  ( l )  m e c h a n i c a l  f a c t o r s  s u c h  a s  manways
( 2 )  o p t im u m  e n t r a i m i e n t  ( 3 ) F r o t h  h e i g h t  on  t h e  p l a t e .
I f  t h e  f r o t h  h e i g h t  b e c o m e s  e q u a l  t o  t r i y s p e c i n g  o r  i f  t h e  
e n t r a i n m e n t  i s  e x c e s s i v e ,  t h e n  t h e  c o l u m n  would f l o o d .
7a,- o R e s i d e n c e  t i m e  i n  dow ncom er .5 * 2  ----------------------------------------------------
I f  t h e  r e s i d e n c e  t i m e  o f  t h e  l i q u i d  i n  t h e  downcomer  
i s  s u f f i c i e n t l y  l o n g ,  m o s t  o f  t h e  e n t r a i n e d  v a p o u r  w i l l  
d i s e n g a g e .  R e s i d e n c e  t i m e  i s  h a s e d  on  a v e r a g e  c r o s s  s e c t i o n a l  
a r e a  t i m e s  t h e  t r a y  s p a c i n g .
D a v i s ^ ^  i n  h i s  s t u d y  o f  p r i m i n g  t o w e r s  f o u n d  t h a t  
t h e  maximum r e s i d e n c e  t i m e  i n  a n y  o f  t h e  p r i m i n g  t o w e r s  was 
Ij s e c o n d s .  Me t h e r e f o r e  recommended  5 s e c o n d s  t o  he  t h e  
minimum r e s i d e n c e  t i m e .  B ased  on  t h i s  B n l l e s ^ ^  and  
S u a n g  & H o d s o n ^ 2 ) h a v e  a l s o  recom m ended  t h e  minimum r e s i d e n c e  
t i m e  t o  h e  5 s e c o n d s .
To t h e  a u t h o r  i t  a p p e a r s  t h a t  t h i s  m ethoc  o f  d e t e r m i n i n g  
t h e  d o w n f lo w  vo lu m e  i s  c o m p l e t e l y  e m p i r i c a l ,  a n d  i s  n o t  h a s e d  
o n  a n y  l o g i c a l  r e a s o n s  o r  e x p e r i m e r t a l  e v i d e n c e .
-  81  -
F i r s t  o f  a l l ,  t h e  r e s id e n c e  t im e  b a se d  on th e  t o t a l  volume 
o f  th e  downcomer i s  n o t  th e  t r u e  r e s i d e n c e  t im e  b e c a u se  
th e  downcomer w i l l  n o t  b e  f lo w in g  f u l l .  True r e s id e n c e  t im e  
must be b a se d  on th e  e s t im a te d  volume o f  th e  f l u i d  i n  th e  
downcomero T h is  would r e q u ir e  th e  e s t i m a t i o n  o f  f r o t h  h e ig h t  
i n  th e  downcomer. T h is  i s  n o t  p o s s i b l e  a t  p r e s e n t 0
R e s id e n c e  t im e  r e q u ir e d  f o r  a l l  th e  vapour to  d is e n g a g e  
w i l l  o b v io u s ly  depend on th e  p e r s i s t a n c e  o f  th e  f r o t h .  The 
more p e r s i s t a n t  th e  f r o t h  i s ,  th e  more tim e w i l l  be r e q u ir e d  
f o r  th e  b u b b le s  t o  b rea k  up and h en ce  f o r  th e  d isen g a g em en t  
o f  th e  v a p o u r .  I n  th e  p r e s e n t  work i t  was found  t h a t  co m p le te  
d isen g a g em en t  o f  vapour was n o t  p o s s i b l e  ev en  w ith  a r e s id e n c e  
t im e  o f  20 s e c o n d s .
E xcep t  a t  v e r y  low  l i q u i d  r a t e s  th e  l i q u i d  d o es  n o t  f lo w  
g e n t l y  down th e  seg m en ta l  b a f f l e  b u t  i s  thrown over  th e  w e ir  
and c a s c a d e s  down in t o  th e  p o o l  o f  th e  a e r a te d  l i q u i d .  The 
c a s c a d in g  l i q u i d  d ra g s  th e  b u b b le s  down. Some o f  t h e s e  are  
d ragged  to  th e  b ottom  p l a t e ,  w h i l e  some come to  th e  s u r f a c e .  
O b v io u s ly  th e  b i g g e r  b u b b le s  have  g r e a t e r  b u oyan cy , and h ence  
a r e  n o t  sw ept o f f  t o  t h e  bottom  p l a t e  w h i le  s m h li  b u b b le s  
a r e .
The q u a n t i t y  o f  a i r  d ragged  down by th e  l i q u i d  to  th e
p l a t e  b e lo w  was m easured a c c u r a t e l y ,  and found to  b e  q u i t e  s m a l l .
t o  d e c r e a s e  th e  r e s i d e n c e  tim e c o n s id e r a b ly ,  th e  downcomer w id th
w as  r e d u c e d  t o  l e s s  t h a n  1 / 3  i t s  f u l l  w i d t h .  E v e n  w i t h  a lo w
r e s i d e n c e  t im e o f  2 . 1 2  s e c o n d s ,  th e  q u a n t i t y  o f  a i r  dragged
-  82  -
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(1) Downcomer W i d t h :  3 .425  i n s
(2) Downcomer  W i d h t :  2 . 4 3  i n s .
(3) Dov/ncomer W i d t h :  1 . 5 4  i n s .
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down was o n ly  2 .2 5  c u . f t / m i n u t e .  T h is  i s  l e s s  than
1% o f  th e  t o t a l  vapour f lo w .
A d d i t io n  o f  sodium l a u r y l  s u lp h a te  in c r e a s e d  th e  p e r s i s t e n c e  
o f  th e  f r o t h  and h en ce  in c r e a s e d  th e  q u a n t i t y  o f  a i r  dragged
down. Up t o  th e  a d d i t i o n  o f  1 and 1 /2  gm. o f  sodium l a u r y l
s u l p h a t e , th e  q u a n t i t y  o f  a i r  dragged  clown was o n ly  5 c u . f t / m i n  
a t  th e  r e s i d e n c e  t im e o f  3 and 1 /2  s e c o n d s .  T h is  i s  l e s s  th an
2% o f  t h e  t o t a l  f lo w .  I t  was beyond th e  c a p a c i t y  o f  th e
a p p a r a tu s  to  m easure t h i s  q u a n t i t y  beyond 5 c u . f t / m i n ,  b u t i t  
was o b v io u s  t h a t  w i th  th e  a d d i t i o n  o f  10 and 1 /2  gm. o f  sodium 
l a u r y l  s u lp h a t e  th e  ?c a r r y - u n d e r ? o f  a i r  by l i q u i d  was e x c e s s i v e  
and one w ould  e x p e c t  th e  d i s t i l l a t i o n  column t o  c e a s e  
f u n c t i o n i n g .
True r e s i d e n c e  t im e  b a se d  on th e  colume o f  th e  f l u i d  i n  
th e  downcomer was c o n s id e r a b ly  l e s s .  Thus w ith  g l y c e r i n e  w a ter ,  
f o r  a t r u e  r e s id e n c e  t im e  o f  0 .7 9  s e c o n d ,  th e  c a r r y -u n d e r  o f  
t h e  a i r  by l i q u i d  was l e s s  than  1% o f  t o t a l  a i r  f lo w .
o
D a v i e s T recom m endation o f  minimum r e s id e n c e  tim e o f  
5 seco n d s  i s  b a se d  on th e  a ssu m p tio n  t h a t  a l l  th e  prim ing  
to w e r s  were p r im in g  b e c a u se  o f  in a d eq u a te  r e s id e n c e  t im e s .  There 
seem s t o  b e  no j u s t i f i c a t i o n  f o r  t h i s  a s su m p tio n .  A tow er may
prim e due t o  any o f  th e  f o l l o w i n g  r e a s o n s .
(1 )  L iq u id  i n  th e  downcomer r e a c h in g  th e  top o f  w e ir .
(2 )  F r o th  h e i g h t  on th e  p l a t e  becom ing eq u a l  to  t r a y  
s p a c in g .
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1)  Downcomer W i d t h : 3 . 4 2 5  i n s
2) Downcomer Y / i d t h : 2 . 4 8  i n s .
3) Downcomer  W i d t h :  1 . 5 4  i n s .
A i r  R a t e ;  3 0 0  c u f t  , / m i n
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a i d e n c e  l i m e  ( s e c . )
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( 3 )  E x c e ss iv e *  o n t p n i n m e n t j
(U) S p l a s h i n g  o f  l i q u i d  o v e r  t h e  t r a y  a b o v e  d u e  t o  o s c i l l a t i o n s  
o n  t h e  t r a y 0
( 5 )  O t h e r  p o s s i b i l i t i e s .
One o r  m ore  o f  t h e  a b o v e  r e a s o n s  may b e  r e s p o n s i b l e
g
f o r  p r i m i n g  i n  t h e  t o w e r s  s t u d i e d  b y  D a v i e s  .
S i n c e 9 e v e n  w i t h  t h e  a d d i t i o n  o f  1 a n d  1 / 2  gm o f  s u r f a c e  
a c t i v e  compound  s o d iu m  l a u r y l  s u l p h a t e ,  t h e  c a r r y - u n d e r  o f  
v a p o u r  i s  q u i t e  s m a l l , e v e n  a t  a  l o w  r e s i d e n c e  t i m e  o f  2 s e c s *  
i t  a p p e a r s  t h a t  r e c o m m en d ed  minimum r e s i d e n c e  t i m e  o f  5 s e c s  
i s  t o o  h i g h .  O b v i o u s l y  m ore  e x p e r i m e n t a l  s t u d i e s  w i t h  
d i f f e r e n t  l i q u i d  s y s t e m s  p r e f e r a b l y  u n d e r  d i s t i l l i n g  c o n d i t i o n s  
a r e  n e e d e d .
F i g u r e  V I I  -  I I  a n d  F i g u r e  V I I - 1 2  Show t h e  e f f e c t  
o f  r e s i d e n c e  t i m e  a n d  t r u e  r e s i d e n c e  t i m e  r e s p e c t i v e l y  on  
t h e  q u a n t i t y  o f  a i r  d r a g g e d  down t o  t h e  p l a t e  b e l o w .  The 
c a r r y  u n d e r  o f  a i r  b y  l i q u i d  i n c r e a s e s  a s  t h e  r e s i d e n c e  t i m e  
d e c r e a s e s .  H o w e v e r ,  d i f f e r e n t  dow ncom er  w i d t h s  g i v e  
d i f f e r e n t  c u r v e s .  C u r v e s  ( 1 ) ,  ( 2 )  a n d  ( 3 )  i n  F i g u r e s  V I I  -  I I  
a n d  V I I  -  1 2 .  I f  t h e  c a r r y  u n d e r  o f  a i r  was s i m p l e  f u n c t i o n  
o f  t h e  r e s i d e n c e  t i m e  b a s e d  o n  t h e  t o t a l  d o w ncom ers  v o lu m e  
o r  t h a t  i f  t r u e  r e s i d e n c e  t i m e  ( b a s e d  o n  f r o t h  v o lu m e )  t h e n  
a l l  t h e  p o i n t s  f o r  d i f f e r e n t  w i d t h s  o f  t h e  downcomer w o u ld  
l i e  o n  one  c u r v e .
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(1) Downcomer Y i d  t  h : 5 . 0  i n s  .
(2 )  Downcomer V / id th :  3 . 4 2 5 i n s
(3 )  Downcom er  W i d t h :  2.4-8 i n s
( 4) Downcomer  W i d t h :  1 . 5 4  i n s
A i r  H a t e :  3 0 0  c u f t . / m i n .
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V e l o c i t y  o f  l i q u i d  ( f t . / m i n . )
ETC ERE V I I - 13
B u t  s i n c e  t h e y  do n o t ,  i t  a p p e a r s  t h a t  i t  i s  n o t  a  s i m p l e  
f u n c t i o n  o f  e i t h e r  r e s i d e n c e  t i m e  or t h e  t r u e  r e i i d e n c e  
t i m e *
7 a  ^  V e l o c i t y  o f  t h e  l i q u i d  i n  t h e  d o w n co m er .
f 7Hugmark  a n d  0 C o n n e l '  h a v e  reco m m en d ed  t h a t  downcomer  
s h o u l d  h e  so  s i z e d  t h a t  l i q u i d  v e l o c i t y  i s  a h o u t  0 . 3  f t / s e c .  
f o r  n o n - f o a m i n g  l i q u i d s .  F o r  f o a m i n g  l i q u i d s  s u c h  a s  
a b s o r b e d  o i l ,  i t  may h a v e  t o  h e  a s  lo w  a s  0 .1  f t / s e c .
L e i h s o n  e t  a l ^  h a v e  reco m m en d ed  t h a t  downcomer i n l e t  v e l o c i t y  
s h o u l d  n o t  e x c e e d  O.U f t / s e c .  t o  a l l o w  a d e q u a t e  a r e a  f o r  
v a p o u r  d i s e n g a g e m e n t .
T h i s  m e t h o d  l i k e  r e s i d e n c e  t i m e  m e th o d  i s  c o m p l e t e l y  
e m p i r i c a l .  I n  t h i s  w o r k  dow ncom er  w i d t h  was r e d u c e d  t o  l e s s  
t h a n  one  t h i r d  o f  i t s  f u l l  w i d t h  i n  o r d e r  t o  o b t a i n  h i g h  
v e l o c i t i e s .  I t  was  f o u n d  t h a t  w i t h  g l y c e r i n e - w a t e r ,  e v e n  
a t  a  h i g h  v e l o c i t y  o f  0 . 9 2  f t / s e c ,  t h e  q u a n t i t y  o f  a i r  d r a g g e d  
down h y  l i q u i d  t o  t h e  p l a t e  h e l o w  was l e s s  t h a n  17 o f  t h e  
t o t a l  f l o w .  E v e n  w i t h  t h e  a d d i t i o n  o f  1 an d  1 / 2  gms o f  
s o d i u m  l a u r y l  s u l p h a t e ,  t h i s  q u a n t i t y  was l e s s  t h a n  2%.
A l l  t h a t  h a s  b e e n  s a i d  i n  t h e  p r e v i o u s  s e c t i o n ,  a b o u t  t h e  
v a p o u r  d i s e n g a g e m e n t  a n d  a i r  c a r r y - u n d e r  a p p l i e d  e q u a l l y  w e l l  
h e r e .
F i g u r e  V I I  -  13 t h e  q u a n t i t y  o f  a i r  d r a g g e d  down b y  t h e  l i q u i d  
t o  t h e  b o t t o m  p l a t e  i s  p l o t t e d  a g a i n s t  t h e  v e l o c i t y  o f  l i q u i d  
i n  t h e  d o w n c o m er .  F o r  a n y  p a r t i c u l a r  w i d t h  o f  t h e  dow ncom er ,
-  85 -
t h e  q u a n t i t y  o f  a i r  d r a g g e d  down i n c r e a s e d  l i n e a r l y  w i t h  t h e  
v e l o c i t y  o f  l i q u i d ,  b u t  f o r  d i f f e r e n t  w i d t h s  o f  t h e  
d o w n c o m e r ,  d i f f e r e n t  s t r a i g h t  l i n e s  a r e  o b t a i n e d .  T h i s  shows 
t h a t  i t  i s  n o t  a s i m p l e  f u n c t i o n  o f  v e l o c i t y  o f  l i q u i d  i n  
t h e  d o w n c o m e r ,  o t h e r w i s e  a l l  t h e  p o i n t s  f o r  d i f f e r e n t  
w i d t h s  w o u l d  l i e  o n  o n e  c u r v e .
I t  i s  o b v i o u s  t h a t  t h e  reco m m en d ed  v a l u e s  o f  0 .1  f t / s e c  
a n d  O.ij. f t / s e c  a r e  v e r y  l o w .  E v e n  t h o u g h  t h i s  w ork  was  
c a r r i e d  o u t  i n  t h e  a b s e n c e  o f  m ass  a n d  h e a t  t r a n s f e r  a n d  w i t h  
o n l y  o n e  s y s t e m  o f  g l y c e r i n e - w a t e r , p l u s  so d iu m  l a u r y l  
s u l p h a t e ,  i t  may b e  r e a s o n a b l y  a s s u m e d  t h a t  c a r r y - u n d e r  o f  
a i r  w i l l  b e  o f  t h e  same o r d e r  o f  m a g n i t u d e  w i t h  o t h e r  
d i s t i l l i n g  s y s t e m s .  T h u s  i t  w o u ld  a p p e a r  t h a t  h i g h e r  
v e l o c i t i e s  o r  c o n v e r s e l y  s m a l l e r  do w n co m ers  c a n  s a f e l y  b e  
u s e d .  More  e x p e r i m e n t a l  w o r k  w i t h  o t h e r  f r o t h i n g  s y s t e m s  
i n  d i s t i l l i n g  c o n d i t i o n s  i s  n e e d e d  t o  d e t e r m i n e  t h e  s a f e  
v e l o c i t y .
A l s o  s i n c e  r e s i d e n c e  t i m e  b a s e d . o n  t o t a l  downcomer 
v o lu m e  i s  n o t  t h e  t r u e  r e s i d e n c e  t i m e ,  a n d  s i n c e  a t  p r e s e n t  
f r o t h  h e i g h t  an d  h e n c e  t h e  t r u  j r e s i d e n c e  t i m e  c a n n o t  b e  
e s t i m a t e d ,  t h e  a u t h o r  f e e l s  t h a t  v e l o c i t y  o f  l i q u i d  i n  t h e  
dow ncom er  o f f e r s  a  b e t t e r  p a r a m e t e r  t h a n  r e s i d e n c e  t i m e  t o  
d e t e r m i n e  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  dow ncom er .
7 a  p. ^  L i q u i d  t h r o w  o v e r  w e i r .
I n  o r d e r  t o  e n s u r e  p a t h w a y  f o r  t h e  d i s e n g a g e d  v a p o u r ,
O  ^ Q
D a v i e s  , B o l l e s 1 H uang  a n d  H o d so n  h a v e  recom m ended  t h e  
f o l l o w i n g  l i m i t a t i o n .
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W, = 0 . 8  /  h  ( s + h  -  I b J1 s/ ow '  w T3y
= l i q u i d  th ro w o v er
W, = Downcomer  w i d t h  d
  l i q u a t i o n  3*6
One d e r i v a t i o n  o f  t h e  a b o v e  e q u a t i o n  i s  g i v e n  i n  
s e c t i o n  3 a .
F o r  r o t a m e t e r  r e a d i n g  o f  5 0  = 3 8 . 9 5  gpni* l i q u i d  r a t e .
2 / 3
^OW
S =
h  =w
=
2 . 9 8  L !W !
2 k  i n c h e s  
3  i n c h e s
W h d
= 1 . 0 6  i n c h e s .  E q u a t i o n  2 . 3
h
d 0 . 0 3 1 00A
E u q a t i o n  2 ok
d
0 . 1 1 6  i n c h e s
lb
h
h B
f1
= h  + h  = 3  + 1 - 0 6  = k* 06  i n c h e sw ow
= h p  + lb ,
= 0 . 3 5  + k » 0 6  = 2+.2+1 i n c h e s  
= k*0G + k*k^ + 0 . 1 1 6  
= 8 . 5 8 6 .  i n c h e s
= O.fi J  1 . 0 6  ( 2 k  + 3 ~ 8 . 5 8 6 )
= 3 * 5 3  i n c h e s .
I t  w as  f o u n d  t h a t  l i q u i d  t h r o w  o v e r  was  much h i g h e r  t h a n  
t h e  a b o v e  e q u a t i o n .  I n  f a c t  e v e n  a t  10 gprn, l i q u i d  h i t  t h e  
o p p o s i t e  w a l l .  Thus  l i q u i d  t h r o w  o v e r  was g r e a t e r  t h a n  
5 i n c h e s .
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D e r i v a t i o n  o f  t h e  a b o v e  e q u a t i o n  i s  b a s e d  on  t h e  
a s s u m p t i o n  t h a t  c l e a r  l i q u i d  f l o w s  o v e r  t h e  w e i r .  T h i s  
may b e  t r u e  i n  c a s e  o f  b u b b l e - c a p  p l a t e  . i i h  ■ n  a a . q u a t e  
c a l m i n g  s e c t i o n  b u t  i s  n o t  l i k e l y  t o  b e  t r u e  i n  c a s e  o f  s i e v e  
t r a y  w i t h  a  n o r m a l  c a l m i n g  s e c t i o n *  L i q u i d  f l o w  o v e r  t h e  
w e i r  i n  c a s e  o f  s i e v e  t r a y  w i l l  b e  i n  a n  a e r a t e d  s t a t e ,  a n d  
w o u l d  t h e r e f o r e  b e  l i g h t e r *  G r a v i t a t i o n a l  f o r c e  w i l l  b e  
s m a l l e r  a n d  h e n c e  i t  w i l l  t r a v e l  a g r e a t e r  h o r i z o n t a l  d i s t a n c e *  
S u r g i n g  a n d  s p l a s h i n g  o f  l i q u i d  on  t r a y  i n c r e a s e s  t h e  l i q u i d  
t h r o w  o v e r  t o o *  T h u s  l i q u i d  t h r o w  o v e r  v / i l l  b e  g r e a t e r  t h a n  
t h e  c a l c u l a t e d  o n e .  P h o t o g r a p h s  s h o w i n g  t h e  c o n d i t i o n s  a t  t h e  
w e i r  a t  3gpm a n d  30gpm o.tg  g i v e n  i n  F i g u r e  V I I  -  1 4  a n d  V I I - 1 3  
r e s p e c t i v e l y .
I t  w as  f o u n d  t h a t  a t  h i g h e r  l i q u i d  r a t e s ,  l i q u i d  t h r o w  
o v e r  was  h i g h  e n o u g h  t o  c l o s e  t h e  m o u th  o f  t h e  d ow ncom er .
The  d i s e n g a g e d  v a p o u r  d i d  n o t  h o w e v e r  c l e a r  p a t h w a y ,  a n d  
h e n c e  t h e r e  was  a  p r e s s u r e  b u i l d  up  i n  t h e  d o w ncom er .  T h i s  
p r e s s u r e  b u i l d  u p  i n  t h e  dow ncom er  h e l p s  t o  o v e rc o m e  some o f  
t h e  p r e s s u r e  d r o p  i n  t h e  p l a t e  an d  h e n c e  r e d u c e s  a e r a t i o n  
f a c t o r  i n  t h e  d o w n c o m er .  H ow ever  i t  may p u s h  down, o r  b e c a u s e  
o f  i t ,  a i r  c a r r y  u n d e r  may i n c r e a s e  b u t  s i n c e  t h i s  i s  v e r y  
s m a l l ,  i t  w o u l d  a p p e a r  t h a t  t h e r e  i s  no  h a r m  i n  l e t t i n g  
l i q u i d  h i t  t h e  t o w e r  w a l l .  I n  f a c t  i f  i t  c a s c a d e s  t h e  m i d d l e  
o f  t h e  l i q u i d  p o o l  i t  i s  l i k e l y  t o  g e n e r a t e  m ore  f r o t h .
H e n ce  t h i s  l i m i t a t i o n  o f  l i q u i d  t h r o w  o v e r  t o  b e  l e s s  t h a n
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FROTH HEIGHT OH THE PLATE
Vs
LIQUID RATE
10 _
A i r  H a t e :  300  C u f t  , / m i n .
X ^ G l y c e r i n e - w a t e r .
Q 'G l y c e r i n e - v / a t e r - - g - g i n . o f  s o d i u m  l a u r y l  s u l p h a t e .  
O G l y c e r i n e - w a t e r - l g m . o f  s o d i u m  l a u r a y l  s u l p h a t e .
8 _
6 _
E q u a t i o n (2 #6)
4 -
2 -
0 i d 20 30 40 I d
l i q u i d  H a t e  gprn. 
FIGURE V l l - 1 6
0 . 6  t i m e s  t h e dow ncom er  w id th ,  s e e ms _um e c cssa r .y«  As shown 
b y  t h e  c a l c u l a t i o n  a t  3 8 * 5  gpm t h r o w  w i l l  b e  3 °53 i n c h e s * 
e v e n  a s s u m i n g  i t  t o  b e  i n  u n - a e r a t e d  s t a t e . T h i s  w o u ld  
r e q u i r e  3 . 5 3  = 3 * 8 7  i n c h e s  downcomer w i d t h 0 I n  t h i s  w o rk
07S
dow ncom er  f u n c t i o n  q u i t e  s a t i s f a c t o r i l y  e v e n  when t h e  w i d t h  
was  1 . 3 5  i n c h e s • T h e r e f o r e  i t  may b e  c o n c l u d e d  t h a t  t h i s  
l i m i t a t i o n  o n  l i q u i d  t h r o w  o v e r  i s  u n n e c e s s a r y .
7bo T r a y .
7b  ^  F r o t h  h e i g h t  on  t h e  t r a y 8
F r o t h  h e i g h t  o n  t h e  t r a y  was m e a s u r e d  b y  v i s u a l
o b s e r v a t i o n  t h r o u g h  t h e  w in d o w .  I t  i s  t h e  h e i g h t  o f  t h e
t o t a l  a e r a t e d  l i q u i d  m a ss  o n  t h e  t r a y .  Due t o  s u r g i n g
a n d  s p l a s h i n g *  t h e  f r o t h  h e i g h t s  c o u l d  b e  m e a s u r e d  o n l y  w i t h
a n  a c c u r a c y  o f  + 0 . 3  i n c h e s ,
I n  F i g u r e  V I I  - 1 6 *  t h e  f r o t h  h e i g h t  on  t h e  t r a y  i s
p l o t t e d  a g a i n s t  t h e  l i q u i d  r a t e .  C u r v e  ( 1 )  i n  F i g u r e  V I I - 1 6
17r e p r e s e n t s  t h e  f o l l o w i n g  e q u a t i o n  f r o m  A . I . C h . n .  r e p o r t  
-  %73W + 3»2l\F + 0.08Ij.Ii E q u a t i o n  2 . 6  
= f r o t h  h e i g h t  
W = w e i r  h e i g h t  i n c h e s  =
F = Ft. = f a c t o r  b a s e d  on  t h e  a r e a  b e t w e e n  i n l e t  
dow ncom er  a n d  o u t l e t  w e i r .
L = L i q u i d  r a t e  gpm = Q
- 89-
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V s .
F r
l i q u i d  R a t e ;  1 2 . 5  gp:
(1) E q a t i o n  ( 2 . 6 )
(2) E x p e r i m e n t a l  V a l u e s
OLO0 . 4
F a  (F  f a c t o r )
FIGURE 7 1 1 -1 7
The f r o t h  h e i g h t  i n c r e a s e d  l i n e a r l y  w i t h  i n c r e a s e  
i n  l i q u i d  r a t e .  A s  c a n  h e  s e e n  f r o m  t h e  F i g u r e  V I I - 1 6 t h e  
a g r e e m e n t  b e t w e e n  t h e  c a l c u l a t e d  v a l u e s  a n d  o b s e r v e d  v a l u e s  
f o r  g l y c e r i n e  w a t e r  i s  b e t t e r  a t  h i g h e r  l i q u i d  r a t e s .  
D i f f e r e n c e s  a t  lo w  l i q u i d  r a t e s  i s  a b o u t  15%® A d d i t i o n  
o f  s u r f a c e  a c t i v e  compound i n c r e a s e d  t h e  f r o t h  h e i g h t s  on 
t h e  t r a y ,  a n d  h e n c e  t h e  d i f f e r e n c e  b e t w e e n  o b s e r v e d  an d  
c a l c u l a t e d  v a l u e s  i n c r e a s e d .  The  e q u a t i o n  2 . 6  was  d e r i v e d  
f o r  a i r - w a t e r  a n d  s t e a m - w a t e r  s y s t e m s ,  a n d  t h o u g h  g o o d  
a g r e e m e n t  i s  r e p o r t e d  a t  lo w  F f a c t o r s  o f  A c e t o n e - B e n z e n e  
s y s t e m s ,  i t  s u f f e r s  f r o m  t h e  l i m i t a t i o n  t h a t  i t  d o e s  n o t  
i n c o r p o r a t e  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  s y s t e m .
F i g u r e  V I I - 1 7  show t h e  e f f e c t  o f  a i r  r a t e  o n  f r o t h  
h e i g h t  o n  t h e  t r a y .  F r o t h  h e i g h t  i s  p l o t t e d  a g a i n s t  FR , F^
i s  t h e  F f a c t o r  b a s e d  o n  t h e  a r e a  b e t w e e n  t h e  i n l e t  downcomer 
a n d  o u t l e t  w e i r .  F r o t h  h e i g h t  i n c r e a s e d  l i n e a r l y  w i t h  
i n c r e a s e  i n  a i r  r a t e  o f  F ^ .  T h e r e  a g a i n  t h e  o b s e r v e d  v a l u e sXV
a r e  h i g h e r  t h a n  t h o s e  c a l c u l a t e d  f o r m  e q u a t i o n  ©n 2 . 6  t h e  
d i f f e r e n c e  i s  a p p r o x i m a t e l y  25%®
7 b 2 A e r a t i o n  an d  h e i g h t  o f  c l e a r  l i q u i d  o n  t h e  t r a y .
The  e f f e c t i v e  c l e a r  l i q u i d  h e i g h t ,  o r  t h e  s t a t i c  h e a d
o n  t h e  p l a t e ,  v a r i e s  f r o m  p o i n t  t o  p o i n t ,  h e n c e  i n
17A . I . C h . E .  r e p o r t  two d i f f e r e n t  p r o c e d u r e s  w e r e  u s e d  t o  
g e t  a n  a v e r a g e  v a l u e  o f  t h e  s t a t i c  h e a d .  ( 1 )  By t a k i n g
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STATIC HSA.D 
V s .  
LIQUID RATS
4 . 0 -
S q u a t i o
( 7
S t a t i c  h e a d  a t t h e  c e n t r e  o f  t h e  p l a t e  
m in u s  d r y  p r .  d r o p .
h r
T o t a l  p r .  d r o p  
S t a t i c  h e a d  a t  t h e  w e i r .  
W e i r  h e i g h t  c r e s t  o v e r  w e i
A i r  H a t e :  3 0 0 .  C u f t  . / m i n .
1.0
L i q u i d  H a t e  ( g p m .)
DIG-URL V l l -1 8
The d i f f e r e n c e  "between  t h e  t o t a l  g a s  p r e s s u r e  d r o p  a n d  t h e
d r y  p r e s s u r e  d r o p  f o r  t h e  t r a y  a n d  ( 2 ) b y  u s i n g  m a n o m e t e r s
a t t a c h e d  a t  v a r i o u s  p o i n t s  t o  t h e  f l o o r  o f  t h e  t r a y .
I n  t h e  p r e s e n t  w o r k  m a n o m e t e r s  w e r e  a t t a c h e d  a t  t h e
c e n t r e  o f  t h e  t r a y ,  a n d  a l s o  n e a r  t h e  o u t l e t  w e i r .  T hen
s t a t i c  h e a d  a t  t h e  w e i r  was  f o u n d  t o  b e  a b o u t  a n  i n c h  h i g h e r
t h a n  a t  t h e  c e n t r e .  B e c a u s e  o f  s u r g i n g  a n d  s p l a s h i n g  a t  t h e
c e n t r e ,  t h e  s t a t i c  h e a d  a t  t h e  c e n t r e  c o u l d  b e  m e a s u r e d  o n l y
w i t h  a n  a c c u r a c y  o f  + 0 . 2  i n c h e s  o f  c l e a r  l i q u i d .
F i g u r e  V I I  -  18 shows t h e  e f f e c t  o f  l i q u i d  r a t e  o n  t h e
s t a t i c  h e a d .  C u r v e  ( 2 ) i n  t h e  F i g u r e  V I I  -  18 r e p r e s e n t s  t h e
17f o l l o w i n g  e q u a t i o n  f r o m  t h e  A . I . C h . E .  r e p o r t  .
ZQ = 0 . 1 9W -  O . 65F+ 0 . 0 2 0 L  + 1 . 6 5 -------------E q u a t i o n  2 . 7
ZQ = l i q u i d  h o l d  u p .  i n c h e s  l i q u i d
W = w e i r  h e i g h t  i n c h e s  = h w
F = F-n. F .  f a c t o r  b a s e d  o n  a r e a  b e t w e e n  i n l e t
dow ncom er  an d  o u t l e t  w e i r .
L = l i q u i d  r a t e  gpm = Q 
The h e i g h t  o f  c l e a r  l i q u i d  o r  s t a t i c  h e a d  a t  t h e  
c e n t r e  i n c r e a s e d  l i n e a r l y  w i t h  / . n c r e a s e  i n  l i q u i d  r a t e .  
H o w ev e r  h ie  o b s e r v e d  v a l u e s  w e r e  a l i t t l e  l o w e r  t h a n  t h e  
c a l c u l a t e d  v a l u e s .  The  c u r v e s  ( 1 )  and  ( 2 )  a r e  n e a r l y  
p a r a l l e l  s t r a i g h t  l i n e s .  D i f f e r e n c e  i s  l e s s  t h a n  0 . 2  
i n c h e s  l i q u i d .
S t a t i c  h e a d  a t  t h e  o u t l e t  w e i r  a l s o  i n c r e a s e d  l i n e a r l y  
w i t h  i n c r e a s e  i n  l i q u i d  r a t e .  Ho~wever t h e  o b s e r v e d  v a l u e s  
a r e  h i g h e r  t h a n  t h e  c a l c u l a t e d  v a l u e s .
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HOLE VELOCITY
+ 0 . 3
O'. 2
+ 0 .1 .
0 .0_
-  G . l _
-  0 .2__
(1) E x p e r i m e n t a l  V a l u e s
(2) E q u a t i o n  ( 2 . 3 )  .
( 2 )
-  0 .3
1.0 1 . 5
L o g O l o  -( H o l e  V e l o c i t y . )  
PIGTJRE V l l - 1 0
2 .0
The v a l u e s  of* a v e r a g e  s t a t i c  h e a d  c a l c u l a t e d  b y  
s u b s t r a c t i n g  t h e  o b s e r v e d  d r y  p r e s s u r e  d r o p  f r o m  t h e  
o b s e r v e d  t o t a l  g a s  d r o p  i n  t h e  t r a y ,  a r e  v e r y  c l o s e  t o  t h e  
v a l u e s  o f  t h e  s t a t i c  h e a d  a t  t h e  c e n t r e . ,  ,
T h u s  i t  w o u l d  a p p e a r  t h a t  i n  t h e  p e r f o r a t e d  p a r t  f  t h e  
p l a t e  t h e  s t a t i c  h e a d  i n  i n c h e s  o f  c l e a r  l i q u i d  i s  f a i r l y  
c o n s t a n t  a n d  i t  i s  t h i s  h e a d  t h a t  c a u s e s  t h e  w e t  p r e s s u r e  d r o p  
The v a l u e s  o f  c l e a r  l i q u i d  h e i g h t  i n  t e r m s  o f  w e i r  
h e i g h t  a n d  c r e s t  o v e r  w e i r  c u r v e  (I4) a r e  v e r y  much h i g h e r  
t h a n  t h e  o b s e r v e d  v a l u e s  o f  a v e r a g e  s t a t i c  h e a d  i . e .  
t o t a l  p r e s s u r e  d r o p  m i n u s  d r y  p r e s s u r e  d r o p .  S i n c e  t h e  
a g r e e m e n t  b e t w e e n  t h e  v a l u e s  c a l c u l a t e d  b y  t h e  e q u a t i o n  2*7 
a n d  t h o s e  o b s e r v e d  i s  q u i t e  g o o d ,  t h e  a u t h o r  f e e l s  t h a t  i t  
w o u ld  b e  b e t t e r  t o  u s e  t h e  e q u a t i o n  2 . 7  r a t h e r  t h a n  
c a l c u l a t e  i t  i n  t e r m s  o f  c l e a r  l i q u i d  h e i g h t  p l u s  c r e s t  o v e r  
w e i r .
7 b ^  D ry  P r e s s u r e  d r o p .
'  21The f o l l o w i n g  e q u a t i o n  i s  r e com m ended  b y  H u n t  t o
c a l c u l a t e  t h e  d r y  p r e s s u r e  d r o p
L c 2
O.U  ^ 1»23  ~ ^ o j  +  E q u a t i o n  2 . 8
A Ac c
h  = d r y  p r e s s u r e  d r o p  i n c h e s  l i q u i d .
P
u q = g a s  h o l e  v e l o c i t y  f t / s e c .
- 9 2 -
A
er
at
io
n 
F
a
c
to
r
T //.
A e r a t i o n  F a c t o r .  ( T r a y ) 
V s .
L i q u i d  R a t e ,
0 .64
A i r  R a t e :  300  C u f t . / m i n
a . 6
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0 . 4 8
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0 . 4
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L i q u i d  R a t e . ( g p m )  
FIGURE V l l - 2 0
g c = 3 2 . 2
A = T o t a l  h o l e  a r e a  s q / f t .o
A = T o t a l  c r o s s - s e c t i o n a l  a r e a  o f  t h e  t o w e r »c
I n  F i g u r e  V I I - 1 9  t h e  v a l u e s  o f  d r y  p r e s s u r e  d r o p  
c a l c u l a t e d  h y  t h e  a b o v e  e q u a t i o n  a n d  t h e  o b s e r v e d  v a l u e s  a r e  
p l o t t e d  a g a i n s t  t h e  a i r  h o l e  v e l o c i t y  o n  a  l o g a r i t h m i c  s c a l e . ,  
C u r v e  ( 2 )  i n  t h i s  f i g u r e  r e p r e s e n t s  t h e  e q u a t i o n  . T he  
o b s e r v e d  v a l u e s  w e r e  l i t t l e  h i g h e r  t h a n  t h e  c a l c u l a t e d  o n e s .  
H o w ev e r  t h e  d i f f e r e n c e  i s  v e r y  s m a l l  i n  m a g n i t u d e „
7 b ^  T o t a l  p r e s s u r e  d r o p  a n d  A e r a t i o n  f a c t o r •
• T o t a l  p r e s s u r e  d r o p  i s  t h e  sum o f  t h e  w e t  p r e s s u r e  d r o p  
p l u s  d r y  p r e s s u r e  d r o p  + r e s i d u a l  p r e s s u r e  d r o p .  R e s i d u a l  
p r e s s u r e  d r o p  i s  v e r y  s m a l l  i n  m a g n i t u d e  an d  i t ?s 
a p p r o x i m a t e  v a l u e  i s  g i v e n  b y  t h e  e q u a t i o n  2 , 1 0 .
Wet p r e s s u r e  d r o p .  Wet p r e s s u r e  d r o p  i s  t h e  p r e s s u r e  d r o p  
d u e  t o  p a s s a g e  o f  v a p o u r  t h r o u g h  l i q u i d  o n  t h e  p l a t e ,  a n d  i s  
e q u a l  i n  m a g n i t u d e  t o  t h e  l i q u i d  h o l d  u p  o n  t h e  t r a y ,  
n e g l e c t i n g  r e s i d u a l  p r e s s u r e  d r o p .
I n  F i g u r e  V I I - 1 8 ,  t h e  o b s e r v e d  v a l u e s  o f  w e t  p r e s s u r e  d r o p  
( t o t a l  p r e s s u r e  d r o p -  d r y  p r e s s u r e  d r o p  n e g l e c t i n g  r e s i d u a l  
p r e s s u r e  d r o p )  a r e  p l o t t e d  a g a i n s t  l i q u i d  r a t e .  Wet p r e s s u r e  
d r o p  i n c r e a s e d  l i n e a r l y  w i t h  i n c r e a s e  i n  l i q u i d  r a t e ,  t h o u g h  
i n c r e a s e  i n  m a g n i t u d e  i s  f a r i l y  s m a l l .
- 9 3 -
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RIG-VI'I VI I -  21
400
I t  w i l l  b e  s e e n  t h a t  t h e  o b s e r v e d  v a l u e s  o f  w e t  p r e s s u r e  
d r o p  a r e  i n  v e r y  c l o s e  a g r e e m e n t  w i t h  t h e  o b s e r v e d  v a l u e s  o f  
t h e  s t a t i c  h e a d  ( i n c h e s  l i q u i d )  a t  t h e  c e n t r e  o f  t h e  p l a t e .
B e c a u s e  o f  a e r a t i o n *  t h e  a c t u a l  l i q u i d  h o l d  u p ,  an d  
h e n c e  t h e  w e t  p r e s s u r e  d r o p  i s  much l e s s  t h a n  t h e  one  
c a l c u l a t e d  b y  t h e  e q u a t i o n  2 . 2 .
h -  = h  + h1 w ow
= w e i r  h e i g h t  + c r e s t  o v e r  weir - ,
On t h e  o t h e r  h a n d  t h e  a g r e e m e n t  b e t w e e n  t h e  o b s e r v e d  v a l u e s
17a n d  t h o s e  c a l c u l a t e d  b y  e q u a t i o n  2o7 ( A . I . C h . E .  r e p o r t  ) 
i s  q u i t e  g o o d .  The o b s e r v e d  v a l u e s  a r e  a  l i t t l e  l o w e r  t h a n  t h e  
c a l c u l a t e d  o n e s .  The e q u a t i o n  2 . 7  w i l l  g i v e  a c o n s e r v a t i v e  
e s t i m a t e  o f  t h e  w e t  p r e s s u r e  d r o p c 
A e r a t i o n  f a c t o r 0
A e r a t i o n  f a c t o r  i s  d e f i n e d  a s  t h e  r a t i o  o f  t h e  o b s e r v e d  
w e t  p r e s s u r e  d r o p  a n d  t h e  c a l c u l a t e d  c l e a r  l i q u i d  d e p t h  on  t h e  
t r a y .  The  w e i r  h e i g h t  + c r e s t  o v e r  w e i r .  Thus
(3
( h  + h  ) WN w ow L
A  p = O b s e r v e d  t o t a l  p r e s s u r e  d r o p  i n  w a t e r
p = O b s e r v e d  d r y  p r e s s u r e  d r o p  i n  w a t e r .
h  w e i r  h e i g h t  i n c h e s • w
h  c r e s t  o v e r  v / e i r  i n c h e s  l i q u i d » ow
WT = s p .  g r a v i t y  o f  l i q u i d ,  b
■9k~
OSCILLATION
FIG U RE V l l - 2 2
F i g u r e s  V I I  -  20 a n d  V I I  -  21 show t h e  v a r i a t i o n  o f  
a e r a t i o n  f a c t o r  w i t h  t h e  l i q u i d  r a t e ,  a n d  a i r  r a t e .  I t  
i n c r e a s e d  l i n e a r l y  w i t h  i n c r e a s e  i n  l i q u i d  r a t e  h u t  d e c r e a s e d  
l i n e a r l y  w i t h  i n c r e a s e  i n  a i r  r a t e .  T h u s  t h e  c h a n g e  i n  
a e r a t i o n  f a c t o r  i s  t h e  same i n  d i r e c t i o n  a s  i n  c a s e  o f
Q
P r i n c e  b u t  i s  i n  t h e  o p p o s i t e  d i r e c t i o n  t o  t h a t  o f
M a y f i e l d  e t  a l ^ „  M a y f i e l d  e t  a l ^  f o u n d  t h a t  a e r a t i o n :
f a c t o r  f o r  a i r - w a t o r  s y s t e m  d e c r e a s e d  w i t h  i n c r e a s e  i n  l i q u i d
r a t e ,  a n d  i n c r e a s e d  w i t h  i n c r e a s e  i n  a i r  r a t e .
The  v a l u e s  o f  a e r a t i o n  f a c t o r  o n  t h e  o t h e r  h a n d  a r e  i n
2?g o o d  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  b y  M a y f i e l d  e t  a l  ■" f o r
a i r - w a t e r  s y s t e m  b u t  a r e  much l e s s  i n  m a g n i t u d e  t h a n  t h o s e
8f r o m  t h e  c o r r e l a t i o n  b y  P r i n c e  .
The  c h a n g e  i n  m a g n i t u d e  o f  t h e  a e r a t i o n  f a c t o r  was  
q u i t e  s m a l l  w i t h  c h a n g e  i n  a i r  r a t e  a n d  l i q u i d  r a t e .  T he  
c h a n g e  i n  v a l u e  was  o n l y  f r o m  0 . 5  t o  0 . 6 .
7bp. O s c i l l a t i o n s  o n  t h e  t r a y .
7bp-  ^ O s c i l l a t i o n  p o i n t .
F o r  an y  p a r t i c u l a r  l i q u i d  r a t e ,  a s  t h e  a i r  r a t e  was  
i n c r e a s e d ,  t h e  t u r b u l e n c e  on  t h e  p l a t e  i n c r e a s e d .  A p o i n t  
w as  s o o n  r e a c h e d  when f u r t h e r  i n c r e a s e  i n  a i r  r a t e  p r o d u c e d  
o s c i l l a t i o n s  o n  t h e  p l a t e .  The  e n t i r e  f r o t h  a n d  l i q u i d  
m a ss  on  t h e  p l a t e  o s c i l l a t e d  i n  a  d i r e c t i o n  p e r p e n d i c u l a r  t o  
t h e  f l o w  o f  t h e  l i q u i d .  The f l o w  o f  l i q u i d  was f r o m  l e f t  t o  
r i g h t  w h i l e  t h e  o s c i l l a t i o n s  w e r e  s e t  up  f r o m  f r o n t  t o  b a c k .
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L i q u i d  K a t e .  gpm.  
KIC-UKL V I 1 - 2 5
F u r t h e r  i n c r e a s e  i n  t h e  a i r  r a t e  i n c r e a s e d  t h e  a m p l i t u d e  o f  
t h e  w a v e .  P h o t o g r a p h  i n  F i g u r e  V I I - 2 2  shows  o s c i l l a t i o n  o n  t h e  
p l a t e .
The  a i r  r a t e  a t  w h i c h  o s c i l l a t i o n  b e g i n s  i s  c a l l e d  t h e  
o s c i l l a t i o n  p o i n t .  I n  F i g u r e  V T I - 2 3  t h e  o s c i l l a t i o n  i n  t e r m s  
o f  F ^  (F  f a c t o r  b a s e d  o n  p e r f o r a t e d  a r e a  o f  t h e  p l a t e )  a r e  
p l o t t e d  a g a i n s t  l i q u i d  r a t e .  E a c h  p o i n t  r e p r e s e n t s  t h e  a i r  
r a t e  a t  w h i c h  t h e  o s c i l l a t i o n  b e g a n  f o r  t h a t  p a r t i c u l a r  
l i q u i d  r a t e .  As t h e  l i q u i d  r a t e  was  i n c r e a s e d *  t h e  
o s c i l l a t i o n  p o i n t  d e c r e a s e d  l i n e a r l y  u n t i l  t h e  l i q u i d  r a t e  o f  
25  gpm w as  r e a c h e d .  F u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  s e e m e d  t o  
i n c r e a s e  t h e  o s c i l l a t i o n  p o i n t  a g a i n *  t h e  c h a n g e  b e i n g  f a i r l y  
s h a r p .  I t  m u s t  b e  e m p h a s i s e d  t h a t  f o r  h i g h e r  l i q u i d  r a t e s *  
i t  w as  v e r y  d i f f i c u l t  t o  d e t e r m i n e  t h e  e x a c t  p o i n t  a t  w h i c h  
o s c i l l a t i o n  b e g a n .
i 1M c A l l i s t e r  e t  a l  h a v e  c o r r e l a t e d  o s c i l l a t i o n  p o i n t  
i n  t e r m s  o f  m a s s  f l o w  r a t e  a g a i n s t  c l e a r  l i q u i d  h o l d  u p  on  
t h e  p l a t e .  The c o r r e l a t i o n  i s  a  s t r a i g h t  l i n e *  t h e  
o s c i l l a t i o n  p o i n t  d e c r e a s i n g  a s  t h e  l i q u i d  h o l d  u p  i n c r e a s e s .  
I n  t h e i r  c o r r e l a t i o n  t h e  o s c i l l a t i o n  p o i n t  d o e s  n o t  i n c r e a s e  
a g a i n  f o r  h i g h e r  l i q u i d  h o l d - u p s .  T h e r e  i s  a  c o n s i d e r a b l e  
s c a t t e r  o f  p o i n t s  i n  t h i s  c o r r e l a t i o n .  A l s o  t h e  maximum l i q u i d ,  
r a t e  u s e d  3 0 0 0  l b s / h r / f t  o f  t h e  c o lu m n  a r e a  ( l e s s  t h a n  
1 0 g a l / m i n )  i s  q u i t e  s m a l l .
No e x p l a n a t i o n  i s  o f f e r e d  f o r  t h e  p e c u l i a r  v a r i a t i o n  o f  
t h e  o s c i l l a t i o n  p o i n t  w i t h  l i q u i d  r a t e  f o u n d  i n  t h e  p r e s e n t
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w o r k .  More  r e s u l t s  a r e  n e e d e d  b e f o r e  a n  e x p l a n a t i o n  f o r  
t h i s  v e r y  c o m p le x  p h e n o m en a  c a n  h e  a t t e m p t e d 0
As t o  t h e  n u m e r i c a l  v a l u e s  o f  o s c i l l a t i o n  p o i n t *
11M c A l l i s t e r  e t  a l  f o u n d  t h a t  f o r  p l a t e  t h i c k n e s s  o f  1 / 1 6  i n c h  
o r  g r e a t e r *  t h e  o s c i l l a t i o n  p o i n t  c o i n c i d e d  w i t h  t h e  v\feep 
p o i n t .  I n  t h e  p r e s e n t  w o r k  t h e  p l a t e  t h i c k n e s s  i s  g r e a t e r  
t h a n  1 / 1 6  i n c h *  h u t  t h e  o s c i l l a t i o n  p o i n t  was  h i g h e r  t h a n  
weep p o i n t .
13 11!P o s s  a n d  G - e r s t e r  a n d  P r i n c e  h a v e  n o t i c e d  o s c i l l a t i o n s
a t  a  g a s  l i o l e  v e l o c i t y  o f  6 5 - 7 0  f t / s e c .  I n  t h i s  w o rk  t h e  g a s  
h o l e  v e l o c i t y  c o r r e s p o n d i n g  t o  t h e  minimum o s c i l l a t i o n  p o i n t  
( l i q u i d  r a t e  25 gpm) w as  61+.6 f t / s e c .  T h u s  t h e  a g r e e m e n t  
b e t w e e n  t h e  v a l u e s  q u o t e d  i n  l i t e r a t u r e  a n d  v a l u e  f o u n d  i n  t h i s  
w o r k  i s  v e r y  g o o d .
D u r i n g  t h e  p r e l i m i n a r y  q u a l i t a t i v e  work* i t  was n o t i c e d  
t h a t  o s c i l l a t i o n s  on  t h e  b o t t o m  p l a t e  c a n  b e  s e t  up  b y  
a r t i f i c i a l l y  m a l d i s t r i b u t i n g  t h e  a i r  i n  t h e  w i n d  b o x  
i m m e d i a t e l y  b e f o r e  i t .  I t  a p p e a r e d  a l s o  t h a t  i n c r e a s e  i n  
v i s c o s i t y  an d  d e c r e a s e  i n  s u r f a c e  t e n s i o n  seem t o  i n c r e a s e  
t h e  o s c i l l a t i o n  p o i n t .
T h e r e  i s  no  i n f o r m a t i o n  i n  t h e  l i t e r a t u r e  a s  t o  t h e  
o r i g i n  o f  t h e  o s c i l l a t i o n s .  As y e t  i t  h a s  n o t  b e e n  p o s s i b l e  
t o  p r e d i c t  u n d e r  w h a t  c o n d i t i o n s  t h e  o s c i l l a t i o n s  w o u l d  b e  
i n i t i a t e d .  Prom t h i s  w o r k  i t  a p p e a r s  t h a t  l i q u i d  r a t e *
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v a p o u r  d i s t r i b u t i o n  a n d  p h y s i c a l  p r o p e r t i e s  o f  t h e  s y s t e m  
a r e  some o f  t h e  v a r i a b l e s  w h i c h  d e t e r m i n e  whon t h e  p u l s a t i o n  
w o u l d  b e g i n .  B ey o n d  t h i s  no  p r e d i c t i o n s  o r  e x p l a n a t i o n s  a r e  
o f f e r e d .
7bp. g F r e q u e n c y  o f  O s c i l l a t i o n .
F r e q u e n c y  o f  o s c i l l a t i o n  w as  f o u n d  t o  b e  r e g u l a r  an d  
r e p r o d u c  i b l e .
1 2M c A l l i s t e r  a n d  P l a n k  h a v e  d e v e l o p e d  t h e  f o l l o w i n g  
e q u a t i o n  f o r  t h e  f r e q u e n c y .
f  = K C/~  *L /  ------E g u a t i o n  2 . 5
F v  V V i
I t s  d e r i v a t i o n  i s  g i v e n  on  p a g e  19*
S i n c e  K* C , 1^ a n d  v^ a r e  c o n s t a n t *  f  ( f r e q u e n c y )
s h o u l d  i n c r e a s e  w i t h  i n c r e a s e  i n  F^ ( l i q u i d  F f a c t o r  b a s e d  
o n  l i q u i d  h o l d - u p )  a n d  s h o u l d  d e c r e a s e  w i t h  F ^  ( v a p o u r  F 
f a c t o r  b a s e d  o n  a c t i v e  t r a y  a r e a ) . I n  t h e  p r e s e n t  work* 
i n c r e a s e  i n  F v  p r o d u c e d  a  s l i g h t  d e c r e a s e  i n ^ f ' b u t  
i n c r e a s e  i n  FT s e e m e d  t o  d e c r e a s e ' f ’ r a t h e r  t h a n  i n c r e a s e  t h e  
'’f !  H o w ev e r  c h a n g e s  i n xf Ff o r  a l l  t h e  l i q u i d  r a t e s  ( 1 0 - 6 0 g a l / m i n ,  
a i r  r a t e s  (350-1+00 c u . f t / m i n )  a r e  v e r y  s m a l l .  F r e q u e n c i e s  
c h a r g e d  o n l y  f r o m  1 . 2 6 5  c y c l e s / s e c o n d  t o  1 . 3 5 0  c y c l e s / s e c o n d .
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8 .  Summary and Concl u s i o n s .
I t  w as  o b v i o u s  f r o m  t h e  l i t e r a t u r e  s u r v e y  t h a t  t h e r e  was  
a  g l a r i n g  g a p  i n  t h e  b u b b l e - c a p  an d  s i e v e  t r a y  t e c h n o l o g y  w i t h  
r e g a r d  t o  q u a n t i t a t i v e  p r e d i c t i o n  o f  f r o t h i n g  on  t h e  t r a y  a n d  i n  
t h e  d o w n c o m e r .  Q u i t e  a p a r t  f r o m  i t s  a f f e c t  on  t r a n s f e r  a r e a ,  
k n o w l e d g e  o f  f r o t h i n g  i s  o f  i m p o r t a n c e  i n  d i c i d i n g  d e s i g n  .. 
f e a t u r e s  s u c h  a s  t r a y  s p a c i n g  and  dow ncom er  s i z e .  P r e s e n t  
m e t h o d s  o f  downcomer  d e s i g n  a r e  e s s e n t i a l l y  e m p i r i c a l  an d  
i n c i d e n c e  o f  f r o t h i n g  i s  c a t e r e d  f o r  b y  t h e  i n c l u s i o n  o f  a 
l a r g e  f a c t o r  o f  s a f e t y .
An a p p a r a t u s  was  t h e r e f o r  c o n s t r u c t e d  w h i c h  c o n s i s t e d  o f  2 -  
t r a y  s i e v e  p l a t e  c o lu m n  1 f t  w i d e  x  3 f t  l o n g .  L i q u i d  r a t e ,  up  
t o  3 0 0 0  g a l / h r .  a n d  g a s  r a t e  u p  t o  11+00 f t  / m i n  w e r e  p o s s i b l e .
A s p e c i a l  f e a t u r e  o f  t h e  d e s i g n  was  t h a t  t h e  d ow ncom ers  w e r e  
e x t e r n a l  a n d  t r a n s p a r e n t  a n d  h e n c e  t h e  v i s u a l  o b s e r v a t i o n s  
c o u l d  b e  m a d e .  A ’b e l l *  a r r a n g e m e n t  was  c o n s t r u c t e d  t o  
m e a s u r e  t h e  q u a n t i t y  o f  v a p o u r  d r a g g e d  down t o  t h e  p l a t e  
b e l o w  b y  t h e  l i q u i d .
The i n v e s t i g a t i o n  was  p r i n c i p a l l y  c o n c e r n e d  w i t h  t h e  
dow ncom er  a n d  was  l i m i t e d  t o  t h e  s t u d y  o f  f l u i d  d y n a m i c s  
o f  p e r f o r a t e d  p l a t e s .  No d i s t i l l a t i o n  o r  m a s s  t r a n s f e r  
s t u d i e s  w e r e  m a d e .  Mass  t r a n s f e r  h a s  a l a r g e  e f f e c t  o n  w h a t  
h a p p e n s  o n  t h e  p l a t e ,  b u t  i n  t h e  downcom er  t h e  m a ss  t r a n s f e r  i s  
v e r y  much l e s s  a n d  h e n c e  t h e  c o n c l u s i o n s  o n  t h e  dow ncom ers  
s h o u l d  b e  a p p l i c a b l e  t o  t h e  d i s t i l l i n g  s y s t e m s .
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R e s u l t s  o n  t h e  t r a y ,  h o w e v e r  w i l l  h a v e  a  c o n s i d e r a b l e  
l i m i t a t i o n  b e c a u s e  o f  a b s e n c e  o f  m a ss  t r a n s f e r .
M a in  v a r i a b l e s  i n v e s t i g a t e d  w e r e  ( 1 )  l i q u i d  r a t e  
( 2 )  A i r  r a t e  ( 3 ) S u r f a c e  t e n s i o n  ( k )  Downcomer s i z e .
R e s u l t s  a n d  c o n c l u s i o n  a r e  s u m m a r i s e d  b e l o w .
D o w n c o m e rs .
F r o t h  h e i g h t  i n c r e a s e s  w i t h  l i q u i d  r a t e ,  r e a c h e s  a 
maximum a n d  t h e n  d e c r e a s e s  a g a i n .  A e r a t i o n  f a c t o r  
c o r r e s p o n d i n g l y  d e c r e a s e s  a t  f i r s t ,  r e a c h e s  minimum a n d  
t h e n  i n c r e a s e s  a g a i n .
H i g h  f r o t h  h e i g h t s  a r e  o b t a i n e d  a t  l o w  l i q u i d  r a t e s .  
C o n t r a r y  t o  t h e  v i e w s  o f  B o l l e s  a n d  o t h e r s ,  t h e  c o lu m n  d o e s  
n o t  f l o o d  w hen  t h e  f r o t h  h e i g h t  r e a c h e s  t h e  t o p  o f  t h e  w e i r .  
F u r t h e r  i n c r e a s e  i n  l i q u i d  r a t e  d o e s  n o t  c a u s e  t h e  l i q u i d  
t o  b a k e  up  f r o m  o n e  p l a t e  t o  a n o t h e r  b u t  i t  d e c r e a s e s  t h e  
f r o t h  h e i g h t  r a p i d l y .  H e n ce  t h e  r e c o m m en d ed  l i m i t a t i o n  on  
t h e  h e i g h t  o f  c l e a r  l i q u i d  t o  b e  l e s s  t h a n  50/  o f  t h e  
d o w n f l o w  h e i g h t  s ee m s  u n n e c e s s a r i l y  h i g h .
A t  h i g h  l i q u i d  r a t e s ,  l i q u i d  s h o o t s  o v e r  t h e  w e i r ,  h i t s  
t h e  o p p o s i t e  w a l l ,  a n d  t e n d s  t o  c l o s e  t h e  m o u th  o f  t h e  
d o w n c o m e r ,  t h e r e b y  b l o c k i n g  t h e  p a t h  o f  t h e  d i s e n g a g e d  
v a p o u r .  P r e s s u r e  t h e r e f o r e  b u i l d s  up  i n  t h e  do w n co m er .
Maximum b u i l d  u p  o f  p r e s s u r e  o f  2 i n c h e s  o f  w a t e r  w as  o b s e r v e d .  
T h i s  p r e s s u r e  h e l p s  t o  o v e rc o m e  p a r t  o f  t h e  t r a y  p r e s s u r e  
d r o p .  Due t o  t h i s  b u i l d  up  o f  p r e s s u r e  a e r a t i o n  f a c t o r s  
g r e a t e r  t h a n  u n i t y  a r e  p o s s i b l e .
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A t  h i g h  r a t e s ,  l i q u i d  d r a g s  some o f  t h e  a i r  down t o  t h e  
p l a t e  b e l o w .  T h i s  q u a n t i t y  o f  a i r  d r a g g e d  down o r  t h e  c a r r y  
u n d e r  o f  a i r  b y  l i q u i d ,  was  m e a s u r e d  a c c u r a t e l y  a n d  f o u n d  t o  
b e  v e r y  s m a l l ,  f o r  g l y c e r i n e  w a t e r .
The  maximum c a r r y  u n d e r  o f  a i r  f o r  t h e  s m a l l e s t  s i z e  o f  t h e  
d o w n c o m er ,  was  l e s s  t h a n  1 /  o f  t h e  t o t a l  a i r  f l o w .  H o w ev e r ,  
a d d i t i o n  o f  t h e  s u r f a c e  a c t i v e  compound
i n c r e a s e s  t h e  f r o t h i n g  a n d  t h e  q u a n t i t y  o f  a i r  d r a g g e d  down 
b y  t h e  l i q u i d  u p  t o  a d d i t i o n  o f  1 a n d  1 / 2  gm o f  so d iu m  l a u r y l  
s u l p h a t e  ( i n  5 a n d  1 / 2  c u . f t  o f  g l y c e r i n a - w a t e r  s o l u t i o n ) .
The  c a r r y - u n d e r  o f  a i r  w as  l e s s  t h a n  2 a n d  1 / 2 / .  F u r t h e r  
a d d i t i o n  o f  s o d iu m  l a u r y l  s u l p h a t e  i n c r e a s e d  t h e  c a r r y - u n d e r  
a n d  w i t h  10 a n d  1 / 2  gms o f  s o d iu m  l a u r y l  s u l p h a t e  t h e  f r o t h  
h a d  becom e  f a i r l y  s t a b l e  ( f o a m )  a n d  t h e  c a r r y - u n d e r  was v e r y  
c o n s i d e r a b l e .  I t  w as  o b v i o u s  t h a t  t h e  c o lu m n  w o u l d  n o t  f u n c t i o n  
u n d e r  t h o s e  c o n d i t i o n s .
S i n c e  t h e  c a r r y - u n d e r  o f  a i r  b y  l i q u i d  a t  a  v e r y  low  
r e s i d e n c e  t i m e  o f  2 s e c o n d s  a n d  a h i g h  v e l o c i t y  o f  0 . 9  f t / s e c  
i s  so  s m a l l ,  i t  a p p e a r s  t h a t  t h e  reco m m en d ed  minimum r e s i d e n c e  
t i m e  o f  5 s e c o n d s  i s  t o o  h i g h ,  a n d  t h e  maximum v e l o c i t y  o f  
0 . 3  f t / s e c .  i s  t o o  l o w . .
R e s i d e n c e  t i m e  b a s e d  on t h e  t o t a l  d o w n f lo w  v o lu m e  i s  n o t  
t h e  t r u e  r e s i d e n c e  t i m e .  I t  s h o u l d  b e  b a s e d  o n  t h e  e s t i m a t e d  
f r o t h  v o lu m e  i n  t h e  d o w n c o m e r s .  S i n c e  t h i s  i s  n o t  p o s s i b l e ,
- 101-
i t  s h o u l d  h e  b a s e d  o n  t h e  v o lu m e  o f  c l e a r  l i q u i d  i n  t h e  
d ow ncom erso  S i n c e  f r o t h  v o lu m e  w i l l  b e  h i g h e r ,  t h i s  w o u l d  
g i v e  a  c o n s e r v a t i v e  e s t i m a t e .
V e l o c i t y  o f  l i a u i d  i n  t h e  d ow ncom er  o f f e r s  a  b e t t e r  
p a r a m e t e r  t h a n  r e s i d e n c e  t i m e  f o r  t h e  c a l c u l a t i o n  o f  
do w n co m er  c r o s s - s e c t i o n a l  a r e a .  More d a t a  a r e  n e e d e d  b e f o r e  
a  s a f e  v e l o c i t y  c a n  b e  p r e d i c t e d .
I n  p e r f o r a t e d  p l a t e s ,  w i t h  n o r m a l  c a l m i n g  s e c t i o n ,  t h e  
l i q u i d  o v e r  t h e  w e i r  i s  l i k e l y  t o  b e  i n  a n  a e r a t e d  s t a t e  
a n d  h e n c e  t h e  l i q u i d  t h r o w  o v e r  w i l l  b e  g r e a t e r  t h a n  t h e  one  
c a l c u l a t e d  b y  t h e  e q u a t i o n  3 * 6 .
I n  t h e  l i t e r a t u r e  i t  i s  r e c o m m en d e d  t h a t  l i q u i d  t h r o w  
o v e r  s h o u l d  b e  l i m i t e d  t o  0 . 6  t i m e s  t h e  downcomer w i d t h .  The 
c o l u m n  f u n c t i o n e d  q u i t e  s a t i s f a c t o r i l y  f o r  a l i q u i d  t h r o w  o v e r  
o f  t h r e e  t i m e s  t h e  p e r m i s s i b l e  v a l u e .  The  c a r r y - u n d e r  o f  a i r  
w as  v e r y  s m a l l .  H e n c e ,  t h i s  l i m i t a t i o n  on  l i q u i d  t h r o w  o v e r  i s  
q u i t e  u n n e c e s s a r y .
R o u n d i n g  t h e  e d g e  o f  t h e  w e i r  d e c r e a s e s  t h e  l i q u i d  
t h r o w  o v e r .  H o w e v e r ,  s i n c e  i t  i s  n o t  n e c e s s a r y  t o  l i m i t  t h e  
l i q u i d  t h r o w  o v e r ,  t h e r e  i s  no  a d v a n t a g e  i n  u s i n g  t h e  r o u n d  
e d g e d  w e i r .
Use  o f  a  w i r e  m esh  b a f f l e ,  p l a c e d  o u s t  b e f o r e  t h e  w e i r ,  
w o u l d  p r e v e n t  t h e  f r o t h  e n t e r i n g  t h e  downcomer a n d  a l s o  
d e c r e a s e  s u r g i n g  a n d  s p l a s h i n g  o v e r  t h e  o u t l e t  w e i r .  A t  t h e  
same t i m e  i t  i n c r e a s e s  t h e  f r o t h  h e i g h t  o n  t h e  p l a t e  a n d
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t h e  t r a y  p r e s s u r e  d r o p  c o n s i d e r a b l y .  S i n c e  c a r r y - u n d e r  
o f  v a p o u r  b y  l i q u i d  i s  s m a l l ,  a n d  s i n c e  t h e  c o lu m n  
d o e s  n o t  f l o o d  w hen  t h e  dow ncom er  b e c o m e s  f u l l  o f  f r o t h ,  
t h e r e  i s  no  a d v a n t a g e  i n  p r e v e n t i n g  t h e  f r o t h  g o i n g  i n t o  
t h e  dow ncom er  b y  m e a n s  o f  a w i r e  m e sh  b a f f l e .
T r a y .
F r o t h  h e i g h t  i n c r e a s e s  w i t h  i n c r e a s e  i n  l i q u i d  r a t e ,  
a i r  r a t e  a n d  a d d i t i o n  o f  s u r f a c e  a c t i v e  com pound .  The 
o b s e r v e d  v a l u e s  o f  f r o t h  h e i g h t  a r e  h i g h e r  t h a n  t h o s e  
c a l c u l a t e d  f r o m  t h e  e q u a t i o n  2 . 6 .
T r a y  s p a c i n g  s h o u l d  b e  d e c i d e d  b y  t h e  e s t i m a t e d  f r o t h  
h e i g h t  on  t h e  p l a t e  a n d  m e c h a n i c a l  f a c t o r s  s u c h  a s  manways 
e t c
The o b s e r v e d  v a l u e s  o f  l i q u i d  h o l d  up  a t  t h e  c e n t r e  
o f  t h e  t r a y  a g r e e  w e l l  w i t h  t h o s e  c a l c u l a t e d  f r o m  t h e  
e q u a t i o n  2 . 7 °
The o b s e r v e d  v a l u e s  o f  w e t  p r e s s u r e  d r o p  a l s o  a g r e e  
w e l l  w i t h  t h o s e  c a l c u l a t e d  f r o m  t h e  e q u a t i o n  2 . 7 «
The  v a l u e s  o f  w e t  p r e s s u r e  d r o p  c a l c u l a t e d  i n  t e r m s  o f  w e i r  
h e i g h t  a n d  c r e s t  o v e r  w e i r  a r e  much h i g h e r  t h a n  t h e  
o b s e r v e d  v a l u e s .  E q u a t i o n  2 . 7  a p p e a r s  t o  b e  q u i t e  
s a t i s f a c t o r y  f o r  t h e  e s t i m a t i o n  o f  w e t  p r e s s u r e  d r o p .
O b s e r v e d  v a l u e s  o f  d r y  p r e s s u r e  d r o p  w e r e  h i g h e r  
t h a n  t h o s e  c a l c u l a t e d  f r o m  t h e  e q u a t i o n  2 . 8 .  H o w e v e r ,  
t h e  d i f f e r e n c e  i n  m a g n i t u d e  i s  q u i t e  s m a l l .
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C h a n g e s  i n  a e r a t i o n  f a c t o r  w i t h  c h a n g e s  i n  l i q u i d  
r a t e  an d  a i r  r a t e  a r e  q u i t e  s m a l l  ( 0 . 5  t o  0 . 6 ) .  The
v a l u e s  i n  m a g n i t u d e  a g r e e  w e l l  w i t h  t h o s e  o f  M a y f i e l d
23 8 e t  a l  o T h ey  a r e  l o w e r  t h a n  t h o s e  o f  P r i n c e  .
L i q u i d  r a t e ,  d i s t r i b u t i o n  o f  a i r ,  a n d  p h y s i c a l  
p r o p e r t i e s  o f  t h e  s y s t e m  a r e  among t h e  v a r i a b l e s  t h a t  
d e t e r m i n e  w hen  t h e  o s c i l l a t i o n s  w o u l d  b e g i n  o n  t h e  p l a t e .  
The  l o w e s t  g a s  h o l e  v e l o c i t y  a t  w h i c h  t h e  o s c i l l a t i o n  
b e g a n  was  6I|..8 f t / s e c .  The  f r e q u e n c y  o f  t h e  o s c i l l a t i o n  
was  n e a r l y  c o n s t a n t  f o r  a l l  t h e  l i q u i d  r a t e s  a n d  t h e  a i r  
r a t e s  u s e d .
S i n c e  t h e  w o r k  w as  d o n e  i n  a b s e n c e  o f  m a s s  t r a n s f e r ,  
t h e  r e s u l t s  on  t h e  t r a y  w o u ld  h a v e  c o n s i d e r a b l e  
l i m i t a t i o n s .  H o w ev e r  i t  d o e s  n o t  seem  u n r e a s o n a b l e  t o  
a s s u m e  t h a t  i f  a p l a t e  b e h a v e s  s a t i s f a c t o r i l y  
h y d r a u l i c a l l y ,  i t  s h o u l d  h a v e  r e a s o n a b l e  e f f i c i e n c y .
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9 • N o m e n c la t u r e .
A = A r e a  i n  C i c a l e s e  e q u a t i o n  s q . f t .
= A ^  o r  A ^ c w h i c h  e v e r  i s  s m a l l e r .
Ac = C o lum n C r o s s - s e c t i o n a l  a r e a  a v a i l a b l e  f o r  v a p o u r  f l o w  
s q . f t ,  (At  -  A^
A ^ = Downcomer  a r e a  s q . f t .
A^ = Downcomer  c r o s s - s e c t i o n a l  a r e a  s q . f t .
A = T o t a l  h o l e  a r e a  s q . f t .  o L^
A^ .=  T o t a l  c o lu m n  a r e a  s q . f t .  
g c = c o n v e r s i o n  f a c t o r ,  3 2 . 2 .
h g  = h e i g h t  o f  c l e a r  l i q u i d  b u i l d  up  i n  t h e  d o w n c o i p e r ^ ^
h^ = c l e a r  l i q u i d  h e i g h t  on  t r a y ( h  + ^ ow) i n c h e s / l i q u i d
h ^  = T o t a l  p r e s s u r e  d r o p  t h r o u g h  l i q u i d  i n c h e s  l i q u i d .
h  = W e i r  h e i g h t  i n c h e s  w
h  = l i q u i d  h e i g h t  o v e r  w e i r ,  i n c h e s  l i q u i d
h ~  = D i s t a n c e  o f  l i q u i d  f n e e  f a l l  i n  dow ncom er  
m e a s u r e d  f r o m  w e i r ,  i n c h e s .
L//q = R a t i o  o f  l i q u i d  t o  g a s  f l o w  b y  w e i g h t  
L ^  ® R a t i o  o f  l i q u i d  t o  g a s  f l o w  b y  v o l u m e
L-^ =■ W e i r  l e n g t h  i n  i n c h e s .
Q = L i q u i d  r a t e  gpm
S = T r a y  s p a c i n g  i n c h e s
UQ = V a p o u r  v e l o c i t y  t h r o u g h  h o l e s ,  f t . / s e c .
U = v e l o c i t y  o f  l i q u i d  o v e r  w e i r  f t / s e c .w
l i q u i d  t h r o w  o v e r  w e i r ,  i n c h e s
= Downcomer  w i d t h ,  i n c h e s
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s p e c i f i c  g r a v i t y  o f  l i q u i d
F r o t h  h e i g h t  on t h e  p l a t e ,  i n c h e s .
c l e a r  l i q u i d  h o l d  up on t h e  tray„  i n c h e s .
0 . 5up
0 5v e l o c i t y  x  ( d e n s i t y )  
c u . f t  / s e c  ( s q . f t )  x  ( l b s / c U o f t . ) ^ ° ^ °
F f a c t o r  f o r  vapour h a s e d  on th e  p e r f o r a t e d  
a r e a  o f  th e  t r a y ,  c u . f t / f s e c ) ( s q . f t . )  o f
0 5p e r f o r a t e d  t r a y  a re a  x  p
F F a c t o r  h a se d  dm t h e  a r e a  b e tw e e n  t h e  i n l e t  
downcomer and o u t l e t  w e ir
c u . f t / ( s e c )  ( s q . f t )  o f  area  b e tw een  downcomer
0 . 5 .a n d  o u t l e t  w e i r  x  p 
d e n s i t y  o f  v a p o u r  l b s / c u . f t .
d e n s i t y  o f  l i q u i d  l b s / c u . f t .
A e r a t i o n  f a c t o r
Observed  t o t a l  p r e s s u r e  drop i n c h e s / w a t e r .  
O bserved p r e s s u r e  drop . i n c h e s / w a t e r .
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